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and C 2, 1 April 1944. 


CHAPTER | 
BASIC LABORATORY PROCEDURES 


Section |. GENERAL 


|. Purpose 

This manual is intended primarily for use in training medical laboratory 
technicians in Army laboratories. It also provides detailed directions for 
most of the diagnostic clinical laboratory tests required in an Army 
hospital, service command, or other laboratories. Standardization of 
technical procedures and the use of standard medical supplies and equip- 
ment in Army laboratories are encouraged. 


2. Scope 

This manual, originally based on the fourth (1935) edition of Labora- 
tory Methods of The United States Army, has been entirely rewritten to 
meet the different objective. As a training manual for the apprentice 
technician it has been given detail of technic but abridgment of subject 
interpretation. Some topics, not ordinarily encountered by the apprentice 
technician, have been given an entry for general orientation. Owing to 
limitation of space, most of the less frequently used tests and duplicate 
or optional tests have been omitted. Where several acceptable tests are 
available for a single purpose, the one most adaptable to apprentice 
technicians and the Army laboratories has been described. A number 
of new approved methods have been added. Free reference has been 
made to standard texts on the various subjects, (See Appendix.) 


Section Il. MEDICAL SUPPLIES 
3. Standard 


These are entered in the current edition of the Army Service Forces 
Medical Supply Catalog. This list is designed to provide for all ordinary 
requirements. So far as practicable only standard items should be used, 
methods being chosen, when available, which will utilize standard items. 
Most laboratory supplies are in classes 1 and 4 of this catalog. 

a. EXPENDABLE ITEMS. These are items such as glass slides which, 
when they become unserviceable, can be discarded without further ac- 


countability. These are indicated by a capital letter “X” in column 
following the item numbered in the Army Service Force Medical Supply 
Catalog. 

b. NoNEXPENDABLE ITEMS. These are items such as tools and instru- 
ments, which do not lose their identity by being used. The medical sup- 
ply officer maintains property records and these items are issued to the 
laboratory on memorandum receipt, resulting in the medical supply 
officer being the accountable officer and a laboratory officer the respon- 
sible officer. Items of this nature will remain charged to the responsible 
officer until they are returned to the medical supply for exchange or 
credit, or disposed of by report of survey. 


4. Nonstandard 


These items do not appear in the Army Service Forces Medical Supply 
Catalog either because they are replaceable by some standard item or 
because their use is so limited as not to warrant storage at supply depots. 
A few items listed in this manual are nonstandard for the latter reason. 
When nonstandard items are essential, a request should be made to the 
medical supply officer, giving full details as to why the item is needed. 
The medical supply officer in turn will initiate requisition or purchase 
in compliance with current instructions. 


5. Laboratory Supplies 
Requisitions are submitted periodically by the medical supply officer of 
the unit, based upon stock levels as established by the station. 


a. Medical supply depots fill requisitions from stock or by purchase. 

b. Service command laboratories and the Army Medical School, 
Washington, D. C., supply a number of items, such as specific diagnostic 
products so listed in class 1 of the Army Service Forces Medical Supply 
Catalog, and some not listed biological products to meet special needs. 


6. Medical Supply Officer 

The Chief of Laboratory Service should maintain close liaison with the 
medical supply officer with reference to laboratory supplies. He should 
assist the medical supply officer in determining the levels of each item 
required for the laboratory, basing the requirements on past issue ex- 
perience and anticipated needs. The medical supply officer will have 
available for reference all current supply publications. 


Section Ill. LABORATORY REPORTS 


7. Purpose 
Reports of laboratory examinations are made to give useful information 
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for diagnosis, for guidance to treatment, or for epidemiologic or sanitary 
guidance. Those reports that pertain to a hospital patient are filed with 
and become a part of the clinical record of the patient. Those reports 
having epidemiologic or sanitary reference become a part of the office 
file of the administrative offices. Duplicate reports become the labora- 
tory office file for future reference. It may be stated as an axiom that 
a laboratory report, as seen on a patient’s record chart, reflects the 
acumen, industry, and neatness of the laboratory examiner; a neat, con- 
cise, and understandable report reflects careful technic in the examina- 
tion; an untidy, incomplete, or vague report reflects careless or incom- 
plete technical handling. A technician should not impair the value of an 
examination on which he has spent hours of careful work and thought 
by terminating it in a few minutes with a hasty, careless report. 


8. Preparation 
Reports are prepared by the laboratory in duplicate; the original report 
is forwarded to the ward, office, or officer requesting the examination ; 
the duplicate copy is retained in the laboratory for file. Some reports, 
such as autopsy protocols and the reports of milk and water analysis, call 
for multiple copies on special forms. 

a..The substance of the report is entered by the technician or officer 
making the examination and should be exact, understandable, neat, and 
prompt, giving complete information concerning source, date, special cir- 
cumstances, result of examination, and date of report. 

b. Verification of the report is made by the initials of the examining 
technician or officer and the signature of the laboratory officer. 

c. Reports of laboratory work are strictly confidential; information 
concerning results of tests is to be released only through medical chan- 
nels. Caution should be observed in giving out information by telephone. 


d. Work notes are kept for all procedures other than those subject to 
immediate report. These contain a record of the day-by-day observations 
and procedures and serve as the basis for the final report of the examina- 
tion. At no time should memory be substituted for a written record of 
past findings and events. 

e. Monthly and annual reports are prepared by the laboratory officer, 
giving the kinds and numbers of examinations made during the period. 
These are prepared from the duplicate report forms and from the records 
of each component part of the laboratory on unreported as well as 
reported undertakings, 


9. Forms 
The following blank forms are provided and should be used in reporting 
results of laboratory work: 


ot FP 


AGO No.* MD No.* Title 
RAGT 6 cic ts sa} eat Res eee err Blood 
REMI ies s ois sia, alel Ole s sas ou ae a Blood (Chemistry) 
BOs 3 oe vs bw ods 1s) A: Sie at estan ee Bi Serology 
B10 55.08 vale gh ch, Sa Se ee gee er Spinal Fluid 
B71 ee oh Oe gene Rare Urinalysis 
BI 2s4 Fitts BOL IO iiiste se veg oe Urinalysis (Quantitative) 
B32. sie ee eee a) RE SR ear Sputum 
I eRe ne A I eee Gastric Analysis 
Soe ee Siren ps) ee RAR aNnEE: Feces 
Sess cera eee ss) DS Fae aner gee eae Carbohydrate Tolerance 
Ta en S5LAl4 swt. sea Basal Metabolism 
he ee BSL ievikiok So akeie Renal Function (P.S.P.) 
Ung oe ae aan BSL bas sia oe eae Renal Function (Urea Clearance) 
Br cals fa oye SB Ld ons Vas nse Renal Function (Con. or Dil.) 
ee at ia cleiet a SSE Lest as tes ae Miscellaneous (Clinical Record) 
SB oe ea Sager’: BOS Mi cae i athe Pathological Examination of Tissue 
SEIZ5e Was oe AS sre ap is toe Gs PPE Chemical Analysis of Water 
82126732 65% Seas Oe NEN on aula Bacteriological Examination of Water 


*The WD AGO numbers will replace the MD numbers as new printings are made. 


Section IV. COMPOUND MICROSCOPE 


10. Structure 


A microscope, the working tool of a microbiologist, consists of four 
groups of parts, each group composed of a number of units: 

a. FRAMEWoRK. (1) Base, on which the microscope rests. 

(2) Handle, by which it is carried and which supports the magnify- 
ing and adjusted systems. 

(3) Stage, a perforated shelf on which the object rests. 

(4) Mechanical stage, which moves the object about on the stage. 

b. ILLUMINATION SySTEM. (1) Mirror, which reflects light upward. 

(2) Condenser, placed just beneath hole in stage. 

(3) Diaphragm, just beneath condenser, by which the intensity of the 
light may be adjusted. 

c. MAGNIFICATION SysTEM. (1) Nosepiece, generally triple, to re- 
ceive the objectives. 

(2) Objectives, generally three, the main magnifying part, designated 
according to the equivalent focal length as 16, 4, and 1.9mm. The initial 
magnifications by these objectives are 10x, 43x, and 95x; the 1.9mm is 
used in most bacteriologic studies. 

(3) Body tube and drawtube, through which the light passes to the 
ocular. 

(4) Ocular, an additional magnifying piece, of which two are gen- 
erally furnished, a 5x and a 10x. The number indicates the magnifica- 
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tion by the ocular of the image formed by the objective at a tube length 
of 160 mm. 


(5) The magnification of any combination of objectives and oculars 
may be obtained by multiplying the magnification of the objective by that 
of the ocular. The magnification given by different combinations of 
objectives and oculars is as follows: 


5x 10x 
EE re See ta ise Ad vine tars ones | 50 100 
OME eo Ook cat ene on srt ko 66 bare 215 430 
Ce ON) Og Bn Nes Sie eer prgmeg aoe ee vee tS eae 475 950 


d. ADJUSTMENT SystEM. (1) The coarse adjuster gives rapid move- 
ment over a wide range and is used to obtain an approximate focus. 
_ (2) The fine adjuster gives a slow movement over a,limited range and 
is used to obtain an exact focus, after prior coarse adjustment. 


ll. Use 


a, ADJUSTMENT OF LicuT. A suitable source of light is placed in front 
of the microscope. It may be daylight (not direct sunlight) or a bright 
artificial light, and must be intense for the highest magnification. The 
mirror is adjusted to direct the light upward through the condenser, after 
which the intensity is adjusted by means of the diaphragm. 

b. ADJUSTMENT oF OxsjecT. The material to be examined is placed 
on a glass slide. This is set on the stage, held in the grip of the mechan- 
ical stage, and moved around by the latter until the desired areas lie 
beneath the objective. When the oil immersion lens is used, a small drop 
of immersion oil is placed on the cover glass or stained smear. 

c. ADJUSTMENT OF MAGNIFICATION SysTEM. The desired objective 
is rotated into place at the lower end of the body tube. The desired 
ocular is placed in the upper end of the drawtube. The observer then 
closely applies an eye to the ocular. 

d. ADJUSTMENT OF Focus, The number on the objective indicates its 
“equivalent focal length” in millimeters. If the 16-mm objective were 
a simple converging lens, the equivalent focal length would also be its 
working distance (that is, the distance above the object when the lens 
is in focus) but, for a compound objective, the working distance is 
always much less than the equivalent focal length. For examples it will 
be found that the working distance of the 16-mm objective is about 
5 mm, that of the 4-mm objective less than 1 mm, and that of the 1.9-mm 
objective less than 0.2 mm. Most microscopes are equipped with par- 
focal objectives so that if the 16-mm objective is in focus the others will 
be approximately in focus when the nosepiece is revolved. To focus the 
4-mm or 1.9-mm objective, carefully lower the objective with the coarse 
adjustment, watching it from the side with the eye on the level of the 
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microscope stage, until the objective nearly touches the coverslip. Then, 
looking through the ocular, slowly raise the objective until the object can 
be seen, and bring into sharp focus with the fine adjustment. If neces- 
sary, readjust the intensity of the light to give maximal visibility. Never 
lower the objective with the fine adjustment. The contact cannot be felt 
if it strikes the slide; if this occurs the slide may be broken, and the lens 
scratched and ruined. 


12. Care 


a. Objective and ocular surfaces may be cleaned by a little breath mois- 
ture followed by a stroke of lens paper, as in cleaning the lenses of spec- 
tacles. 

b. Immersion oil, cedarwood oil, or mineral oil (liquid petrolatum), 
used with the oil-immersion objective, is to be wiped off with soft lens 
paper after each use, avoiding gauze or other scratching agents. 

Caution: Different oils must not be allowed to mix in the oil bottle, 
on the lens, or on the slide. 

c. Cleaning of entire microscope is to be done frequently to remove 
dust, finger marks, oil, grease, and remnants of specimens. 

d. The microscope is to be covered at all times when not in use. 

e. Dried oil may be removed by wiping with lens paper soaked with 
xylene, wiping away surplus at once with dry lens paper. Caution must 
be used in applying any solvent fluid to the objective; alcohol should 
never be used. 

f. The housing of binocular tubes should never be removed except by 
an expert, for slight maladjustment of the contained prisms will distort 
the images. 

g. Light machine oil occasionally is applied to the moving parts. 


Section V. MANIPULATION OF GLASSWARE 
13. Glass Handling 


a. PURPOSE. Cutting, mending, and simple fusion of glass tubing, prepa- 
ration of capillary pipettes and vaccine vials, and other simple glass- 
handling procedures are part of the technical routine of every laboratory. 
Repair and manufacture of larger and more complicated glassware are 
beyond the capacity of the average laboratory, requiring expert glass 
blowers with special equipment. 

b. Equipment. Soft glass can be handled with the ordinary labora- 
tory equipment, using a blast furnace with illuminating gas and foot- 
power or motor-driven air pressure. Some work can be done with the 
ordinary Bunsen burner, with or without a fishtail tip. Glass rods, test 
tubes, and thick-walled glass tubing of soft glass 6, 8, and 10 mm in 
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diameter are easily cut, bent, and fused. A small triangular file or a 
glass-knife is used for cutting. The hard glasses, such as Pyrex, have 
high softening points, and seals cannot be made without special high- 
temperature blast lamps, although bends in small tubing can be made 
with the Bunsen burner. 


14, Glass Cutting 

| a. GLAss TuBING AND Rops. Hold the piece of glass firmly on the top 
of a laboratory table and scratch it sharply in one spot with the edge of 
a triangular file or hard-steel knife. Then hold the tubing or rod in both 
hands with the thumbs opposite the nick; exert a slight pull and break 
with a quick snap; a clean-cut, even break should result. The ‘scratch 
should be made by passing the file or knife once across the glass, never 
by “sawing” it back and forth. If one end of the tubing is too short to 
handle, the break can be made by laying the tube over the upturned edge 
of a file, with the scratch uppermost and above the file. The short end 
of the tube is broken off by hitting it sharply just beyond the scratch 
with another file or a small hammer. Another method is to touch one 
end of the scratch with a red-hot bead of molten glass; this will usually 
start a crack that passes around the tube. Finally, smooth (fire-polish) 
the surface of the break by holding it in a hot flame; the bore of the 
opening can be reduced to any desired size by continued heating, or 
increased in size by manipulating with the tip of the file or with a tri- 
angular copper flanging tool or carbon cone. 

b. Test Tuses. Make a longer file cut than for glass tubing, prefer- 
ably encircling the tube. A thin tube may be broken at this point by a 
bimanual snap.. Thick tubes require additional aids to complete the 
break. At one point make the file nick especially deep, then touch the 
tube firmly at this point with the tip of a red-hot nail; a fracture should 
result. If the fracture is not complete, it may be led around the tube by 
repeatedly touching the red-hot nail tip just ahead of the fracture line 
on the cold tube. A heavy copper wire, curved to fit the tube and heated, 
is a convenient tool for this purpose. Another method is to encircle the 
tube with a loop of electrically heated resistance wire. The cut end of 
the tube should be fire-polished. 


15. Bending of Glass Tubing 

Holding both ends, place the tubing in the hot flame of a fishtail burner. 

Rotate tube while it is heating to make the heat even on all sides. When 

the glass is soft, remove from flame and bend to the desired form, keep- 
_ ing it in that position until it has hardened. If a broad bend is desired, 

as in making a U bend, 10 to 15 cm of the tube should be so heated. If 

only a slight bend is to be made, 2 to 3 cm will suffice. At first one may 
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have a tendency to overheat the glass and draw the two ends apart, thus 
distorting the shape and caliber. Also if one underheats or puts forced 
pressure on the bending effort, an undesirable collapse of the tubing 
at the bend will occur. A satisfactory bend retains the same caliber 
throughout the tubing. If, in working with thin tubing, the collapse at 
the bend cannot be prevented, seal one end of the tubing and then heat 
to soften it at the desired point as previously described. Then apply the 
mouth to the open end of the tubing while effecting the bend and make 
enough air pressure within the tubing to prevent the tubing from col- 
lapsing. Glass rods may be bent or pressed to any desired form. Soft 
glass should be annealed after working by holding it for YZ minute to sev- 
eral minutes, depending on its size, in a smoky flame just under a red 
heat. 


16. Capillary Pipettes : 
Glass tubing is cut to desired lengths, each end fire-polished, and put 


aside for future use. To form these lengths of glass tubing into pipettes 
a central area is heated with continuous rotation of the tube over the hot 
flame until soft, removed from the flame, drawn apart by pulling on the 
two ends, held taut until hardened, and then cut in the middle with the 
point of the hot flame. These are commonly called “Pasteur pipettes.” 
The size of the resultant capillary tubing depends on the degree of heat, 
and the rapidity and extent of the drawing out. The tendency is to make 
the capillary too narrow by drawing it out too rapidly. Many labora- 
tories keep on hand 20-cm lengths of clean sterile glass tubing with both 
ends rounded and plugged with cotton for use in making into pipettes as 
desired for special purposes. 


17. Ampules ' 

Heat a clean, sterile, cotton-plugged test tube in a narrow band about 
5 cm from the mouth, with constant rotation. When the glass is dull 
red, remove from flame and draw the two ends about 5 cm farther apart, 
leaving a neck about 4 mm in diameter. When filling the ampule, be 
careful not to get any liquid on the neck. To seal, heat the neck in a 
small, hot flame until the glass collapses, then pull out rapidly. If a 
strand of glass protrudes, heat it rapidly in a hot flame until it melts 
down to a small bead. A large bead will usually crack off on cooling. 
Avoid overheating, as the air inside may expand enough to blow a hole 
in the molten glass, 


18. Blowing Bulb in Glass Tubing 


Select a piece of glass tubing of the desired size and of sufficient length 
to allow for holding one end by hand and the other in the mouth while 
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blowing. Seal one end. Hold the tubing over the flame, rotating with 
both hands, until the desired portion is well softened. Immediately place 

i the open end of the tube in the mouth and blow up the bulb to the re- 

| quired size. If the bulb is to be of considerable size, some concentration 

of glass must be attained before the final blow; this is done by gently 
pushing the two ends toward each other while the middle is soft, giving 
an occasional slight blow to prevent collapse of the melted glass. The 
trouble encountered may consist of eccentric bulbs due to uneven heat- 
ing, or of thin paper-shell bulbs due to overblowing without sufficient 
concentration of glass. Rapid intermittent puffs will aid since the thin- 
ner parts blown out first will cool first and subsequent puffs will expand 
the thicker parts. A test tube may be similarly handled. A terminal 
bulb may be made at the end of glass tubing by a one-hand manipula- 
tion and blowing. 


19. Salvaging Damaged Glassware 

Many pieces of damaged glassware can be saved and rendered satis- 
factory for further use by examining all glassware at time of washing 
and picking out selected damaged pieces for repair. 

a. Pipettes. Chipped tips may be smoothed with a file and trimmed 
to evenness in a flame; pipettes with broken tips may be drawn out and 
new ends prepared as described for capillary pipettes. It must be recog- 
nized that repair of a tip alters the volume and such repaired pipettes 
are unsuitable for exact measurements. Mark them plainly and reserve 
them for crude measurements. Pipettes with chipped or broken mouth 
parts can be saved by evening off with file and smoothing in the flame. 
Make the mouth part even by pressing gently on smooth, flat surface 
of a solid object while hot, or by cuttfng off a portion and polishing in 
flame, ; 

b. FLAsks, Breakers, AND Test Tuses. Similarly, many ofher pieces © 
of glassware with chipped, cracked, or broken lips, mouth parts, or rims 
can be saved by removing sharp edges with a file and fire-polishing, or 
by shaping with the tip of the file while the glass is hot enough to work. 


Section VI. CLEANING GLASSWARE 


20. Mechanical Cleaning 

For ordinary laboratory use, glassware, either new or used, may be 
cleaned satisfactorily by scrubbing with a suitable brush in hot, soapy 
water. It should be rinsed in hot tap water repeatedly, and finally in 
distilled water. Cleaning is much facilitated if glassware is immersed 
in water immediately after use, so that organic matter will not dry on it. 
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If glassware shows satisfactory drainage of water, as described in para- 
graph 21, it can usually be cleaned merely by rinsing in distilled water. 


21. Chemical Cleaning 


If glassware is dirty with material that cannot be removed by the 
process described above, it must be cleaned in one of the following solu- 
tions. If grossly dirty, it should first be cleaned with soap and water. 

a. SULFURIC AND CHromic Acip Mixture. (1) Pour 1 liter of con- 
centrated commercial sulfuric acid into 35 cc of a saturated aqueous solu- 
tion of technical grade sodium dichromate. Never pour the aqueous 
solution into the acid. Handle with care, and avoid contact with skin 
or clothing. Never use a metal or enameled container. 

(2) Rinse the glassware with this solution, or immerse until clean; 
the necessary immersion may be for a few minutes or overnight. Heat- 
ing the solution increases its effectiveness. Then rinse repeatedly in hot 
tap water until all traces of solution are removed. Finally rinse in dis- 
tilled water. 

(3) In rinsing, note whether the water completely wets all the inte- 
rior surface of the glass and runs off leaving a thin film. If it collects 
in drops or patches, the glassware is not clean and the process must be 
repeated. When the solution weakens or turns green with use, it should 
be discarded. Dilution with water weakens the solution. Rinsing must 
be thorough, as traces of the solution render the glassware unfit for 
use. The first few rinsings should be made with the vessel full of water 
to displace fumes. This is also true of the following cleaning solutions. 


b. Trisoptum PHospPHATE. This is an alkaline salt that is excellent 
for removing greasy films from glassware. Immerse glassware in a 5 
to 10 percent aqueous solution for 15 to 30 minutes. Scrub with a stiff 
brush; rinse thoroughly. Repeated cleaning with this agent may cause 
clouding of the glass. Do not employ this for glassware used for the 
determination of phosphorus. 

c. ALconoLtic Soprum Hyproxine. This is effective for removing 
tarry and greasy residues. Dissolve 120 gm of sodium hydroxide in 
120 ce. of water, cool, and dilute to 1 liter with 95 percent ethyl alcohol. 
The solution may be used hot or cold. It must be followed by thorough 
rinsing in tap and distilled water. 


d. WETTING AND OTHER AcENTs. (1) Wetting agents are princi- - 


pally sulfonated higher alcohols, such as sodium lauryl sulfonate, and 
are known under the trade names of their manufacturers, such as Du- 
ponal, Nacconal, Aerosol, and Tergitol. Their efficiency as cleansing 
agents is due to their ability to reduce surface tension, thereby causing 
water containing them to wet objects more quickly and more thoroughly. 
This property is exerted by very dilute solutions, as little as 0.1 percent 


10 


? 


Aes 


ae Se ee eee 


being sufficient to produce the desired results. These substances are 
generally used in conjunction with soap powders, the silicates, or tri- 
sodium phosphate. These products are not generally available for labor- 
atory use because of other and more essential needs. 

(2) Although not related to the wetting agents in their action, the 
standard dish washing compounds (type I for hard water and type II 
for soft water: quartermaster items have the property of preventing the 
calcium and magnesium normally present in the water from reacting with 
soap to form the insoluble calcium and magnesium soaps that tend to form 
a scum on glassware, 


22. Bacteriologic Glassware 
Test tubes and other glassware that have contained cultures of bacteria 


(except pipettes) should be sterilized in the autoclave. The contents are 
then emptied into the sink (fluid cultures) or garbage can (agar cul- 
tures). Scrub in hot, soapy water (except pipettes) and rinse as directed 
in paragraph 21. If organic material has dried on the glass, it may often 
be loosened by preliminary boiling in soap suds for 1 hour. If not 
perfectly clean, glassware must be placed in chromic acid cleaning solu- 
tion as directed in paragraph 2la. The final rinsing must be thorough. 
Pipettes, after having been disinfected by submersion for several hours 
in a 5 percent solution of cresol, should be flushed thoroughly with tap 
water, and then with distilled water. 


23. Serologic Glassware, Pipettes 


Immediately after use submerge in water or, if used in handling infec- 
tious, material, in a 5 percent solution of cresol. Rinse under the full 
force of the tap. Immerse in chromic acid solution overnight. Pour off 
acid solution and rinse six times under full force of the tap. Soak in 
tap water overnight. Rinse in distilled water, and dry. 


24. Tubes 


Rinse under full force of tap as soon as possible after use. Remove 
gross dirt (labels, clots) by soaking, and by scrubbing with a test-tube 
brush if necessary. Boil 1 hour in soap solution. Flasks and beakers 
may be scrubbed with hot suds without boiling. Rinse six times in hot 
tap water. Immerse in tap water overnight, rinse with distilled water, 
and dry. If any pieces are not perfectly clean, soak in chromic acid 
cleaning solution as directed in paragraph 21a, 


25. Slides and Cover Slips 
Used slides should first be boiled in soap suds or a 5 percent solution 


of sodium carbonate. Scrub with soap and water, and rinse in water 
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under the tap. Put in chromic acid solution overnight. Pour off clean- 
ing solution, rinse thoroughly under the tap, and drop into a beaker or 
wide-mouthed bottle containing 95 percent ethyl alcohol. Polish individ- 
ually with a soft, lint-free cloth (not gauze). Flame slides, not cover 
slips. Store in a dustproof box. 


Section VIl. STERILIZATION 


26. Dry Heat 


A temperature of 170° to 180° C. in a gas or electric oven for at least 
1 hour is sufficient for the sterilization of small articles if loosely packed. 
A prolonged exposure to temperatures of more than 180° C. will char 
or burn cotton or paper. The following rules apply for routine use: 

a. Sterilize glassware that is wrapped in paper or plugged with cot- 
ton by heating for a minimum of 2 hours at 170° to 180° C. 

b. Sterilize glassware that is closed with glass stoppers or packed in 
metal containers by heating for a minimum of 2 hours at 170° to 190° C. 


c. Glassware that is closely packed or in a large container must be 
heated for periods longer than 2 hours to insure penetration of heat to, 
and sterilization of the central portions. If small bits of white paper 
marked with dilute (10 percent) hydrochloric acid are placed inside 
packages or materials to be sterilized by hot air, the marks become brown 
or black beginning at about 165° C. If the marking on the paper has 
not turned brown, the article may be suspected of not having been ster- 
ilized, 


27. Steam Under Pressure (Autoclave) 
The standard laboratory autoclave is an unjacketed, horizontal type, set 


to maintain a pressure of 15 to 17 pounds. It is used for the steriliza- 
tion of linens, cotton goods, rubber, glassware, and culture media that are 
not injured by high temperatures, and for killing old cultures. Routinely, 
sterilize for 15 minutes at a temperature of 120° C. (15 lb pressure). 
Large packages or fluids in bulk require from 30 minutes to 1 hour. 
For example, 600 cc of culture medium in a 1,000-cc flask requires 30 
minutes, the additional time being necessary to attain penetration of the 
bulky material to bring it to the sterilizing temperature; larger quan- 
tities require a still longer time. 

a. Place the material in the autoclave, leave the door open, open the 
escape valve, and turn on the steam. 


b. Close the door when the steam flows freely from the autoclave. 


c. Leave the escape valve open until the steam escapes rapidly, then 
close, leaving a crack wide enough for a trickle of steam to escape. 
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d, Allow the pressure to rise slowly (not less than 10 minutes) to 15 
pounds, and sterilize for the desired length of time. 

e. Shut off the steam, and allow the autoclave to cool until the gauge 
reads zero. Do not hasten the cooling by opening the pet cock or other 
valve to allow the escape of steam. 

f. If the autoclave is fitted with an outlet thermometer, figure the 
time of sterilization after the thermometer reads 120° C. (248° F.). 


28. Steam Not Under Pressure 
The Arnold sterilizer, or the autoclave using flowing steam without 
pressure (with escape vent open), may be used for materials, such as 
nutrient gelatin, milk mediums containing carbohydrates, that may be 
damaged by overheating. 

a. Place the Arnold sterilizer over a good gas burner, and bring the 
water in the pan to a boil. 

b. Remove the top, or the open door, and place the medium in the 
inner compartment; then replace, or close. 

c. Heat for 20 to 30 minutes. 


d. Leave the medium at room temperature, and repeat the procedure 
on the 2 succeeding days. 


29. Boiling Water 

Syringes used for injections and drawing blood and dissecting instru- 
ments are sometimes sterilized by boiling in water for 30 minutes. The 
addition of a small amount of sodium carbonate or borax to the water 
helps to prevent rusting. 


30. Chemicals 

a. A 2 to 5 percent solution of Compound Solution of Cresol U.S.P. 
may be used to sterilize discarded cultures, used glassware, and rubber 
gloves, and for disinfecting laboratory floors and table tops. 

b. Bacterial antigens and vaccines may be sterilized by the addition 
of 0.5 percent phenol. 


c. Antisera may be preserved by addition of 50 percent glycerol, or 
0.5 percent phenol; normal serum for the preparation of Loeffler’s me- 
dium may be preserved by the addition of 2 percent chloroform. 


31. Filtration 

Solutions and culture mediums that may be injured by heat sterilization, 
or virus-containing material, may be freed from bacteria by filtration, 
but it must be borne in mind that not all viruses are filtrable. Several 
_kinds of filters have been used: porcelain (Chamberland-Pasteur), dia- 
tomaceous (Berkefeld and Mandler), and asbestos (Seitz). All are 
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made in various sizes and of various degrees of porosity and must be 
selected for the purpose in mind. The porosity of Chamberland-Pasteur 
filters is graded from L2 (coarse) to L7 (fine) ; that of Berkefeld filters 
is indicated as V (coarse), N (medium), and W (fine) ; Mandler filters 
are marked with numbers indicating pounds of pressure required for 
passage of air under specified conditions; the porosity of the “E.K.” pads 
for the Seitz filter corresponds closely to that of the Berkefeld W filter. 
Certain of these filters, of foreign manufacture, may not be obtainable. 


a. FILTERING. (1) Set up the filter in a filtering flask. The stopper | 


through which the filter stem passes should be securely tied in place, and 
the side arm of the flask should be plugged with cotton. Sterilize the 
assembled filter in the autoclave. 

(2) Attach the side arm of the flask to a suction pump in series with 
a manometer and trap. 

(3) Place the material to be filtered into the receptacle above the Seitz 
filter or into the glass mantle surrounding the Chamberland-Pasteur, 
Berkefeld or Mandler candle, and draw it through the filter into the 
flask, using a minimal amount of suction. If foaming is objectionable, 
and there is no contraindication to its use, a drop or two of caprylic alco- 
hol may be added. 


(4) It is recommended that a broth culture of Serratia marcescens 
be added to the material being filtered. The passage of this innocuous 
and easily recognized organism through the filter indicates that the filter 
was defective. 


(5) With aseptic technic, remove the filtrate from the flask. Usually 
it is convenient to remove the stopper and the filter from the flask to a 
vessel in which they may be disinfected, stoppering the flask with a sterile 
cotton plug. 

b. CLEANING OF Fitters. (1) If infectious material has been filtered, 
the filter must be disinfected before being cleaned. This may be done 
by boiling in water containing a small amount of sodium carbonate or 
trisodium phosphate or by covering the filter with 5 percent solution of 
phenol or cresol for at least 1 hour and then rinsing with tap water. The 
asbestos pads from Seitz filters are discarded after use. 


(2) After disinfection and drying, porcelain filters without metal 
parts may be heated red hot in a furnace to burn out organic matter, 
after which they are washed with distilled water to remove inorganic 
salts. For cleaning diatomaceous filters with metal parts there are sev- 
eral methods, some of which are destructive, others tedious and time- 
consuming. One of the best employs a 1 percent solution of potassium 
permanganate, which is drawn through the filter as set up (50 to 75 cc 
for a 1- by 3@-inch candle). Subsequently, a 5 percent solution of 
sodium bisulfite is drawn through until all color has disappeared from 
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the candle. Distilled water is then drawn through until a test of the 
filtrate with a solution of barium chloride solution shows no precipitate. 
The filter should then be dried. 

(3) Filters should be handled by the metal or glazed parts only, and 
should be protected from contact with grease or oil, since such substances 
affect the permeability, allowing passage through the filter of objects 
otherwise retained. 


Section VIIl. CARE OF LABORATORY ANIMALS 


32. Types of Animals 
Five types of laboratory animals in more or less common use are the 
rabbit, guinea pig, mouse, albino rat, and monkey. 


33. Reception Quarantine 

All animals received from an outside source should be isolated from 
10 days to 3 weeks in previously disinfected quarters and should be found 
to be free from disease before mixing with regular stock. 


34. Housing 

Animal quarters should be kept clean, dry, and completely free from 
vermin. The optimum temperature for most animals is 65° to 70° F., 
with adequate ventilation. The standard large (10%4-inch) and small 
(8-inch) animal jars are suitable for rats and mice; the large jar also 
can be used for a small guinea pig. The standard galvanized-iron animal 
cage (14- by 14- by 16-inch) holds one rabbit or several guinea pigs. 
For use in breeding rabbits or guinea pigs, larger cages or pens, prefer- 
ably with outside runways, should be built. The bottom of the jar or 
the tray in a cage should contain an absorbent bed material, such as wood 
shavings; hay or straw may be used in large breeding cages. The quar- 
ters should be cleaned and the bedding renewed twice per week. 


35. Rabbits 

a. FEEDING. The diet recommended consists of commercial “Rabbit 
Pellets,” supplemented once or twice each week with the feeding of green- 
stuff, such as carrots, lettuce, and celery tops. A diet consisting of equal 
parts of oats, wheat, and barley, plus 10 percent of legume, soybean, or 
linseed meal, is suitable. Alfalfa or timothy hay serves both for food 
and bedding. Plenty of water and a small piece of rock salt should be 
kept in the cage. 

b. Diseases. (1) Coccidiosis, an intense and fatal enteritis, is the 
most serious disease, There is no effective treatment, New rabbits 
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should be quarantined for several days before adding to the stock, in 
order to minimize the possibility of introducing the disease. 

(2) Ear mange is caused by a mite; it can be cured by the local appli- 
cation of a parasiticide. 

(3) Snuffles is a coldlike disease caused by a filtrable virus. Infected 
rabbits should be isolated until 3 weeks after, recovery. 

c. BREEDING. Keep one male (buck) for each 8 to 10 females (does). 
Does are ready for mating at the age of 10 months and may be bred 
every three months thereafter (4 litters per year). A record of each 
date of breeding should be kept; the period of gestation is 31 days, and 
2 or 3 days before the expected arrival of the litter the doe should be 
placed in a small breeding box, with an ample supply of bedding. Wean 
young after 8 weeks and separate sexes, 


34. Guinea Pigs 


a. FEEDING. The feeding is the same as that for rabbits, except that 
they must have a supplementary feeding of greenstuffs at least twice a 
week to supply vitamin C. 

b. Diseases. (1) Salmonella infections, due chiefly to Salmonella 
typhimurium and S. enteritidis are the most dangerous of the common 
diseases. The best method of control is to kill all potentially infected 
animals, to sterilize the room and cages, and to obtain new stock. 


(2) Vitamin C deficiency is caused by lack of sufficient greenstuffs 
in the diet. It is characterized by coarse hair and a mangy appearance. 
It is transmissible to the young through the mother. Treatment consists 
of an improved diet. 

c. BreepInc. Use colony breeding, with four or five females in a 
cage with one male. The duration of pregnancy is 63 days. The young 
should be weaned and the sexes separated when they are 4 or 5 weeks 
old. 


37. Mice and Rats 
Several different mouse strains are used, such as white mice, Swiss mice 
(also white), and C 57 strain (black). 

a. FEEDING. Commercial dog- or fox-food (dry type) furnishes an 
ample, balanced diet for growth and breeding. There must be a supply 
of fresh, clean water in the cage at all times. Mice also do well on sim- 
pler diets, such as the mixed-grain diet for rabbits, and dry bread with 
water or skimmed milk, with the addition. of cod-liver oil once a week. 

b. DisEAsES. Salmonella infections (mouse typhoid), caused by the 
same organisms as are infectious in guinea pigs, are frequent and dan- 
gerous. To control, all infected stock should be destroyed, the room 
and cages sterilized, and fresh stock obtained, 
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c. Breepinc. Use colony breeding, with four or five females to one 
male. The period of gestation is 21 days; when well-advanced preg- 
nancy is observed, the female should be placed in an individual jar. After 
21 days the young should be isolated, and the mother returned to the 
breeding cage. The young are fed the same as the adults, with the addi- 
tion of evaporated milk to hasten growth. 

d. ALBINO RATS. (1) Feeding. Rats are fed the same as mice. 

(2) Diseases. If the cages are kept clean and an ample diet is pro- 
vided, rats are extremely resistant to disease. 

(3) Breeding. Young females are ready for breeding when 4 months 
old. Use the colony method, with four females and one male in a cage. 
The duration of pregnancy is 22 days. It is not necessary to remove the 
pregnant female from the breeding cage. The young should be weaned 
and the sexes separated when they are 21 days old. 


38. Monkeys 

a. FEEDING. Monkeys do well on dry dog food and canned tomatoes, 
with an occasional feeding of fruits and nuts (oranges, apples, bananas, 
peanuts, sunflower seeds). 

b. Diseases. (1) Pneumonia, which is usually fatal, is the most fre- 
quent disease. 

(2) Miliary tuberculosis occasionally occurs. This also is fatal. 


c. BREEDING. Breeding in captivity in small laboratories is not prac- 
tical. 


Section IX. ANIMAL EXPERIMENTATION 
39. Purposes 


Animal experimentation is used for the following purposes : 

a. General study of pathogenic micro-organisms. 

b. Virulence determinations of specific organisms in certain animal 
species. 

c. Identification of some species of organisms by the production of 
characteristic lesions. 

d. Isolation of organisms that are not readily grown initially on ordi- 
nary culture mediums. 

e. Maintenance of bacteria or viruses that cannot be kept on ordinary 
culture mediums. 

f. Studies of immunity. 


40. Animals Used 
a. Guinea pigs, rabbits, white mice, and white rats are routinely used. 
b. Horses, monkeys, fowl, canaries, hamsters, and ferrets are occa- 
sionally used. 
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41. Methods 


The methods of inoculation are as follows: 

. Subcutaneous (under the skin). 

. Intracutaneous (into the skin). 

. Intramuscular (into a muscle). 

. Intravenous (into a vein). 

. Intraperitoneal (into the abdominal cavity). 

. Intrapleural (into the pleural cavity). 

. Intracerebral (into the brain). 

. Subdural (into the membranes of the brain or spinal cord), 
. Per os (by mouth). 

. Per rectum (by rectum). 

. Miscellaneous (other channels of application). 
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42. Subcutaneous Inoculation of Guinea Pigs 
a. The usual site is the abdominal wall or inner thigh. 


b. Remove the hair from the area by pulling it out, small tufts at a 
time, or by clipping or shaving. 

c. Sterilize the skin site with tincture of iodine, alcohol, or another 
antiseptic. 

d. Take up the inoculum in a glass syringe, fitted with a fine gauge 
needle. 

e. Plunge the needle through skin while it is raised by grasping the 
neighboring skin with the fingers, to avoid penetrating the muscle. 


43. Intraperitoneal Inoculation 
a. The site and inoculum are prepared as in paragraph 42. 
b. Plunge the needle through abdominal wall by two movements: 
(1) Through the skin in an oblique direction. 
(2) Through the muscle and peritoneum by a short vertical stab. 
c. Exercise care not to puncture the intestine. 


44. Intravenous Inoculation of Rabbits 
a. The veins along the margins of ears are the usual sites of injection. 


b. The hair over the site is shaved, and the animal is held head down- 
ward for a short time. 


c. The rabbit is held by an assistant, or is placed in an animal box with 
its head out. 


d. If desired, the ear may be placed over an electric light bulb, with 
the base of the ear slightly compressed (both devices make the veins 
more prominent). 


e. Holding the tip of the ear with the left hand, the operator inserts 
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the needle with the right hand, the needle entering the vein nearly par- 
allel to its course. 

f. The injection is started slowly, until it is certain that inoculum is 
entering vein; if it passes along course of vein by perivascular leak- 
age, another puncture must be made. 


45. Mouse Inoculation 
a. INTRAPERITONEAL. (1) The mouse is held by the back of the neck 


with the thumb and forefinger of left hand, and the root of the tail is 
held between the little finger and palm, the mouse resting ventral side 
up in the palm of the hand. 

(2) Needle puncture is made into abdomen by a quick, short jab. 

b. SuscuTANEouS. Injection is made under the skin near the base of 
the tail. 

c. INTRAVENOUs. Injection is made with a fine needle into a vein of 
the tail. 


46. Bleeding of Animals 


a. Rappit. To obtain a few cubic centimeters of blood from the ear, 


proceed as follows: 
(1) The ear is shaved and immersed in warm water (to expand the 


vessels). 
(2) A thrust is made into a vein with a broad, cutting Hagedorn 


needle. 

(3) The blood is caught in a glass tube. 

b. Ragpit or GUINEA Pic. To obtain blood from the heart, proceed 
as follows: 

(1) The animal is held (with or without anaesthesia) on its back, | 
either by an assistant or on an animal board. . 

(2) The left anterior chest is shaved and painted with iodine. 

(3) A glass syringe fitted with a 22-gauge, 2-inch -needle is used. 

(4) The needle is passed downward into the heart through the third 
intercostal space, close to the left side of the sternum. Slight suction is 
made by the syringe plunger until blood appears. 

(5) The needle is quickly removed after sufficient blood is withdrawn. 

(6) The animal is restored to its cage for several weeks rest before 
reuse. 

c. Rat anp Mouse. To obtain blood from tail, proceed as follows: 

(1) The animal is placed in a small box, with its tail out and held. 

(2) The tip of the tail is clipped off with scissors. 

(3) A stripping movement starting at the base of the tail produces a 
few drops of blood at the tip. 
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(4) The flow of blood can be stopped by cauterizing with a hot 
spatula. 

d. Horsrs AND SuEEp. To obtain venous blood, a large needle is 
inserted into the external jugular vein, which runs from a line just be- 
hind the angle of the lower jaw to the sternoclavicular junction. 


47. Blood Handling for Various Purposes 

a. Wuote BLoop ror CuLTURE Mepium. The blood is placed at once 
into the medium. 

b. CrrrRATED BLoop ror CuLtTuRE Mepium. The blood is drawn, or 
placed at once, into a sterile flask containing an anticoagulant, such as 
enough sodium citrate to give a 0.25 percent concentration after the 
blood is added. 


c. DEFIBRINATED BLoop For CULTURE MEDIUM oR SERUM. The blood 
is drawn, or placed at once, into sterile flasks containing glass beads, 
and defibrinated by several minutes of gentle shaking; it may then be 
left at ice-box temperature until used or separated. 


d. SrERuM FoR SeroLocic Tests. The blood is drawn or placed into 
sterile tubes or flasks, and allowed to clot in the ice box; the serum is 
removed after clot has contracted. Centrifugation may be required to 
remove the cells. 


48. Post Mortem Examination of Small Animals 

a. An autopsy should be performed as soon after death as possible, 
especially if cultures are to be made. 

b. The necessary instruments are as follows: 44-inch scissors, ] 
point sharp (for guinea pigs and rabbits) ; scissors, straight strabismus 
and curved iris scissors (for mice) ; scalpels; tissue forceps; hemostatic 
forceps; autopsy board; thumb tacks; and special instruments, such as 
curettes. (The instruments must be sterile if cultures are to be made.) 

c. Sterilize the surface of small animals by immersing the entire ani- 
mal, except nose and mouth, in a 3 percent solution of cresol; sterilize 
the desired portion of larger animals with cresol or iodine after placing 
on the autopsy board. 

d. Tack down small animals through each foot to a wooden board; 
larger animals are tied down on an autopsy pan or board by the feet, 
with the ventral side up. 

e. Snip skin of abdomen in the pubic region, insert the blunt point 
of a pair of scissors, and make a cut along the median line to the lower 
jaw; cut the skin on each side at a right angle to the median cut, and 
continue these cuts along the legs to expose the inguinal and axillary 
lymph glands. 

f. Using tissue forceps and the blunt point of a pair of scissors, 
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Separate the skin from the abdomen and retract; examine the exposed 
tissue and lymph nodes for abnormalities. 

g. If sterility is desired, paint the abdominal wall with iodine or 
wash with acetone-alcohol, or both, and use a separate set of sterile 
instruments for further examination. 

h. Open the abdomen by making a median incision from the genital 
region to the diaphragm, followed by terminal lateral cuts; lay back the 
abdominal wall as flaps on each side of animal. 

t. Examine the abdominal organs for gross lesions, prepare smears, 
and make cultures. 

j. To enter thorax, first cut the diaphragm free from its anterior at- 
tachment to the thoracic cage; then cut the ribs on each side, starting 
with the floating ribs laterally and proceeding at an angle up to the 
suprasternal notch; remove this section or lay it back to expose the 
thoracic cavity. Study the heart and lungs for presence of pathologic 
lesions, and prepare smears and cultures. 

k. Place the organs or tissues to be given histopathological study in 
a bottle of 10 percent formalin or Zenker’s fluid. 

1. Remove the animal from the board, wrap it firmly in paper, and 


dispose of it as circumstances permit, preferably by immediate incin- 
eration. 


Section X. COLLECTION AND PREPARATION OF HUMAN 
BLOOD SAMPLES 


49. Purpose 

Blood is obtained by venipuncture for making blood cultures, serologic 
tests, blood-group determinations, chemical tests, and many of the spe- 
cial hematologic examinations described in chapter 2. It is also suitable 


for cell counts, although if this is the only examination required, finger 
puncture suffices. 


50. Venipuncture 

a, For BLoop Cutture. (1) The following materials are required : 
A sterile, 10-cc Luer syringe and a sterile 20-gauge needle; sterile cotton 
or gauze pledgets; tincture of iodine and 70 percent ethyl alcohol ; tour- 
niquet ; an alcohol lamp or Bunsen burner; and a flask of suitable culture 
medium or a small flask or large test tube containing 2 to 5 cc of a 1 
percent solution of sodium citrate in physiologic salt solution. 

(2) The procedure is as follows: 

(a) Have the patient or subject lie down with the arm extended, or 
sit with the arm supported on a small table, the elbow being extended. 
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(b) Select a larger vein, preferably in the bend of the elbow. If no 
suitable vein is visible, apply the tourniquet temporarily, and have the 
patient clench fist. In plump arms, one can frequently feel the vein more 
distinctly than one can see it. If no vein can be located in this region 
in either arm, it is usually possible to find a vein lower in the forearm 
or on the back of the hand. Here, however, the skin is tougher and 
more sensitive and it is more difficult to puncture the vein without trans- 
fixing it completely. 

(c) Thoroughly cleanse the skin over the vein and surrounding area 
with a pledget soaked in alcohol. 

(d) Paint the area with tincture of iodine. 

(e) Light the alcohol lamp or Bunsen burner. 

(f) Unwrap the syringe, and insert the plunger in the barrel without 
touching the inside of the barrel or the shaft of the plunger with the 
fingers. ; 

(g) Remove the cotton plug from the needle tube, and flame the 
mouth of the tube. 

(h) Insert the neck of syringe into the mouth of the tube, and tilt 
the tube so that the needle slides down over the neck. 

(1) Remove the syringe and needle from the tube, and set the needle 
firmly on the neck with the beveled edge up when the syringe is held 
so that the graduations are visible. Remove the stylet. Take care to 
touch only the hub of the needle. 

(7) Flame the mouth of the tube that contained the needle, and mo- 
mentarily, the needle point. Cover the needle with the flamed tub, and 
set aside until preparation of the arm is completed. 

(k) Apply the tourniquet above the elbow just tightly enough to dis- 
tend the vein. Be sure the pulse is not obliterated. Have the patient 
clench the fist, if necessary. 

(1) Remove the iodine with a pledget soaked in alcohol. 

(m) Puncture the skin with the needle, beveled edge up, a little to 
one side of the vein and parallel to it; then enter the vein from that 
side, about 1 cm above the skin puncture. 

(n) Aspirate gently until the desired amount of blood has been ob- 
tained, loosen the tourniquet, and have the patient open the fist. 

(0) Withdraw the needle quickly, and press an alcohol-soaked pledget 
firmly over the puncture. Have the patient hold the pledget tightly in 
place with the arm held upright. 

(p) Remove the cotton plug from the flask or tube, holding it in 
fingers in such a way that the portion fitting within the neck does not 
touch anything. Flame the neck thoroughly. 

(q) Insert the needle into the flask or tube, and discharge the blood 
by pushing the plunger. Withdraw the needle from the flask without 
touching the sides of the flask. 
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(r) Reflame the neck, and replace the plug. 

(3) If the blood has been put directly into a flask of culture medium, 
it should be well mixed by gently twirling the flask, taking care that the 
contents do not slop or spatter against the plug. It should then be put 
in the incubator without delay. If the blood has been put into a tube 
containing citrate solution, it should be well mixed, taken at once to the 
laboratory, distributed into the proper mediums, and put in the .incu- 
bator. : 

b. For Oruer Purposes. (1) For most examinations sterile blood 
is not required if the examination is made immediately, and the syringe 
can be dispensed with, using only the sterile needle. The procedure is 
exactly as given above. It is convenient to hold the needle tightly be- 
tween the thumb and index finger at the hub. Grasp the tube which is 
to receive the blood with the third and fourth fingers, holding it so that 
the hub of the needle is just within the mouth of the tube. This is much 
easier to accomplish if the patient’s arm is allowed to hang down. (See 


fie." 1.) 


Figure 1. Venipuncture (method for holding needle and test tube when collecting 
blood directly from vein). 


(2) A syringe may be used to obtain blood for any purpose, follow- 
ing the directions given for blood cultures. The needle and syringe must 
be sterile and dry, or rinsed with sterile physiologic sodium chloride so- 
lution, to prevent hemolysis, which would ruin the specimen for many 
purposes. Remove the needle from the syringe, and expel the blood 
gently into the tube or bottle to avoid mechanical injury to the cells. 

(3) The handling of specimens varies according to their eventual 
dispositions. 

(a) If serum is required, as for serologic and many chemical tests, 
the blood should be collected in any empty, chemically clean test tube, 
which need not be sterile unless the specimen is to be preserved. This 
should be allowed to stand at room temperature until clotting has oc- 
‘curred. It should then be placed in the ice box until used. 
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(b) If whole blood or plasma is required, as for chemical tests, the 
blood is usually collected in a tube containing potassium or lithium oxa- 
late (2 to 3 mg for each cc of blood). Other anticoagulants are required 
for some determinations. The tube should be twirled so that the blood 
is thoroughly mixed with the anticoagulant. If the analysis is not car- 
ried out at once, the tube should be put in the ice box until used. 

-(c) If sugar or inorganic phosphorus is to be determined, the blood 
should be chilled by placing the tube in ice water before putting into the 
ice box, unless precipitation of the protein is carried out immediately. 

(d) If blood is to be used for cell counts, for the determination of 
carbon dioxide combining power or content, or for chloride, avoid stasis 
as much as possible. Apply the tourniquet as lightly and briefly as pos- 
sible, and release it as soon as the needle is in the vein. Use a syringe, 
if available, rather than an open needle. 


(e) If the blood is to be used for particular chemical tests, the spe- 
cial precautions listed in chapter 6 should be observed. 


(f) Take the blood to the laboratory promptly for examinations. 


51. General Precautions 

a. To avoid infection, which is due to carelessness, sterilize the skin 
carefully, be sure that the needle and syringe are sterile, and do not 
allow the tip or shaft of the needle to touch anything that is not sterile 
before obtaining the blood. 


b. Inspect—do not touch—the point of the needle to be sure that the 
tip is sharp and that the margins of the beveled edge are smooth. If the 
tip is dull, or the margins jagged, this causes unnecessary pain and is 
likely to tear the wall of the vein. 


c. Avoid injury to the vein, which may result in leakage of blood into 
the tissues (hematoma, blood tumor) or in the formation of a blood clot 
within the vein. This is usually due to use of a dull needle or of too 
large a needle in a small delicate vein, roughness in inserting the needle, 
twisting the needle while it is in the vein so that the point scratches or 
cuts through the wall, or failure to release the tourniquet before with- 
drawing the needle and to apply adequate pressure after withdrawal. 

d. Never pass the stylet through the needle while it is in the vein. 
This may dislodge a clot into the circulation and cause serious injury to 
the patient. If the blood clots in the needle and the flow stops, loosen 


the tourniquet, withdraw the needle, and repeat the attempt on the other 
arm, using a new needle. 


e. Avoid causing unnecessary pain. Have the subject lie down or sit 


down comfortably, use a sharp needle, and avoid excessive slowness in 
making the puncture, 
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52. Care of Needles and Syringes 

a. As soon as the blood specimen has been obtanied, shake as much 
of the blood from the needle as possible, and drop it into a beaker of 
cold water to lake the blood. On returning to the laboratory, flush the 
needle with cold water and pass a stylet through it to remove any clots 
that may have formed. Dry by forcing alcohol and then ether through 
the bore. Never put a needle away wet, as it will rust and be damaged. 

b. Replace the stylet with the loop of the wire outside the point to 
protect the latter. Slide the needle into a Wassermann tube, plug the 
tube with cotton, and sterilize it by dry heat or in the autoclave. 

c. Sharpen the needle if necessary. This is best done on the finest 
grade of emery cloth stretched on a flat surface, or on a fine oil stone, 
finishing on a fine blue water stone. Even the finest grades of emery or 
carborundum cloth leave a slight saw edge that may cause unnecessary 
pain and trauma to the tissues. 

d. Immediately after expelling blood from the syringe, remove the 
plunger. As soon as possible wash the syringe thoroughly with cold 
water, and lay it aside to dry with the plunger removed. Never put a 


syringe away with the plunger in the barrel, as it is likely to become 


stuck and impossible to remove. If the plunger becomes “frozen,” 
plunging the syringe in hot water may expand the barrel sufficiently to 
release the plunger. Otherwise fill the space between the neck of the 
syringe and the head of the plunger with cold water by injecting it with 
another syringe filled with a fine needle, and soak the syringe in cold 
water for a few days, then the plunger can usually be loosened. Never 
use force; it will merely break the glass. 

e. To sterilize, wrap the plunger and barrel separately in gauze, with 
an outer wrapping of heavy paper if hot air is used, or of muslin if it 
is to be autoclaved. Secure the wrapping with a turn or two of ordinary 
twine, tied in a slip knot to expedite unwrapping. An alternative method 
consists of placing assembled syringes in cotton-plugged test tubes of 
proper size; these are sterilized in the hot-air oven. 


Section Xl. MISCELLANEOUS PROCEDURES: USEFUL 
LABORATORY RECIPES AND METHODS 


53. Acidproofing Wood Surfaces 


a. REAGENTS. 
Solution No. 1: 


PPUMURERTE) Sots ga CACC Go Sic bic, ws te OLE RR eG we ROR pi eels 100 cc 

Hydrochloric acid. (concentrated) <2... cece ce csis 100 ce 

\I TES ag Oe PP TY a EO ea Pra ie ere cae te a 1,000 cc 
Solution No. 2: 

POE ASHUMAES CIGCHTORIAGE * 5 ssc a «.cltemainen focite p dels eee 100 gm 

IR LSSN Reet Wig sol aie gic acd 6d Vga R UIE Ee CALEY nent ee 1,000 cc 
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b. AppLicaTION. For satisfactory results the wood surface should be 
free from varnish, wax, or paint. Apply solution No. 1 and then solu- 
tion No. 2, without waiting for the former to dry. Both solutions are 
applied continuously until a good black color is obtained. Then the sur- 
face should be washed with soap and water and allowed to dry thor- 
oughly. Finally, a coat of wax is applied. 


54. Removing Stains 

a. Mortars in which stains have been ground, and bottles containing 
dried stains, may be cleaned by a brief soaking in concentrated sulfuric 
acid. This is poured back into a bottle for repeated use. The mortars 
or bottles are then washed out with water. Containers stained with eosin 
should be soaked in a 5 percent solution of sodium carbonate for a few 
minutes and then washed out with water. 

b. Most bacteriologic stains can be removed from the hands by wash- 
ing with acid alcohol (ethyl alcohol containing 2 or 3 percent by volume 
' of concentrated hydrochloric acid), and then washing with soap and 
water. For cleansing fabrics, 10 percent by volume of acetic acid in 
alcohol should be used, followed by rinsing with large amounts of water. 

c. Iodine stains are best removed with a solution of sodium thiosul- 
fate, followed by generous rinsing. 

d. To remove grease spots from cloth or leather, carbon tetrachloride 
usually suffices, and is noninflammable. It should be used in a well- 
ventilated place, and getting the tetrachloride on the skin and breathing 
its fumes should be avoided. Carbon tetrachloride causes degeneration 
of the liver if absorbed by skin or lungs in appreciable amounts. 

e. For the removal of blood stains from clothing, 3 percent solution 
of hydrogen peroxide is useful. 


55. Loosening Stopcocks and Stoppers 

The freezing of glass stopcocks and stoppers is a frequent source of 
annoyance and loss in the laboratory. Much of it can be prevented by 
the use of appropriate lubricants and by preventing the prolonged action 
of alkali on ground-glass joints. Most frozen joints can be loosened by 
appropriate means. The process requires patience. “Strong arm” meth- 
ods usually result in breakage and the loss of the apparatus. 

a. COMMERCIAL MECHANICAL Devices. There are a number of ex- 
cellent devices on the market for loosening glass joints. Since they are 
somewhat expensive, it is usually worthwhile to purchase them only if 
they can be used by a considerable group of laboratories. Their success- 
ful use is based on the gradual application of pressure or tension to the 
glass joint, care being taken that the devices are not allowed to slip and 
fracture the glass, 
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b. LABoRATORY-MADE Mecuanicat Devices. By a study of the prin- 
ciples on which the commercial devices operate, it is sometimes possible 
to improvise a mechanical device that will serve the same purpose. For 
example, a piece of wood may be drilled and cut in such a fashion as to 
furnish support for a glass joint, which is inserted in a vise and gentle 
pressure applied to the protruding end of a stopcock. Glass stoppers in 
bottles can often be loosened by gentle tapping with the butt of a ham- 
mer or similar tool. 

c. Use or Heat. The proper application of heat alone will loosen 
many frozen glass joints. Chill the joint in an ice bath, then immerse 
it suddenly in warm or hot water. This will cause the exterior portion 
of the joint to expand away from the stockcock or stopper, so that the 
latter may be loosened by hand or by other means. 

d. CHEmicaL Metuops. Ground-glass joints frozen by contact with 
alkali can frequently be loosened by immersion in a dilute (about 5 per- 
cent) solution of acetic or hydrochloric acid, which is brought to a boil, 
then allowed to cool so that the dilute acid penetrates the joint as it con- 
tracts. It may be necessary to heat and cool several times, and in stub- 
born cases, several days may be required. If a joint contains lubricant 
or other organic material, it should be heated and cooled in the same 
fashion in a bath containing about 25 percent of glycerol (glycerin) by 
volume, the glycerol serving to soften or dissolve the organic material. 
Large pieces of apparatus, such as burettes, should be supported by 
means of a clamp or a ring on a stand during the process. 


56. Stopcock Lubricants | 

a. GLYCEROL. For sealing ground-glass joints and stopcocks to pre- 
vent leakage of ethyl ether, petroleum ether, or any other fluid insoluble 
in it, glycerol (glycerin) is extremely satisfactory. It also prevents 
sticking. 

b. Stopcock GREASE. Melt 2 parts of paraffin and 4 parts of liquid 
petroleum together, then add slowly 1 part of pure gum rubber cut in 
small pieces. Stir while heating until a smooth paste is formed. Be 
careful not to burn the rubber. 

c. OTHER Lusricants. (1) Mix together 100 gm of petrolatum and 
10 gm of raw crepe rubber. Keep in an oven at 125° to 150° C. for 
several days until the paste is smooth. 

(2) Mix 2 parts of ordinary rubber cement and 1 part of liquid petro- 
latum. Heat on a water bath until the solvent from the rubber cement 
is driven off. 


57. Cements and Adhesives 
a. ACID-RESISTING CEMENT. Mix sodium silicate and asbestos powder 
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to make a thin paste. If allowed to dry for 1 day, this cement will resist 
the strongest acids. 

b. VAcuuM Wax. For ordinary vacuum seals and for vacuum dis- 
tillations in which the temperature does not get too high, to make an 
excellent wax melt together equal parts of beeswax (Medical Supply 
Item 1493000) and resin. This wax is pliable and is easily removed by 
using hot water. 


58. Label Protection 
Labels may be protected by painting with collodion or melted paraffin. 
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CHAPTER 2 
EXAMINATION OF BLOOD 


Section |. CLINICAL PROCEDURES 


59. General 

a. ProcepurES. The examination of the blood yields valuable facts 
concerning the patient. This information can be summarized as follows: 

(1) The presence of anemia (fewer than a normal quantity of red 
corpuscles) or polycythemia (greater than a normal quantity of red cor- 
puscles). This can be ascertained by any one of the following: 

(a) Hemoglobin level. (See par. 61.) 

(b) Red-cell count. (See par. 62.) 

(c) Volume of packed red cells (hematocrit). (See par. 70.) 

(2) The presence and intensity of certain types of infections and cer- 
tain other disorders can be ascertained by determining the— 

(a) Total leucocyte count. (See par. 63.) 

(6) Differential leucocyte count. (See par. 66.) 

(c) Sedimentation rate. (See par. 73.) 

(3) Abnormalities in the coagulation of the blood can be ascertained 
by determining the following: 

(a) Bleeding trme. (See par. 76.) 

(6) Platelet count. (See par. 75.) 

(c) Coagulation time. (See par. 77.) 

(d) Clot-retraction time. (See par. 78.) 

(e) Prothrombin time. (See par. 79.) 

(4) Differentiation of various types of anemia is aided by a study of 
the following: 

(a) Morphology of the red cells in the stained blood smear. (See par. 
67.) 

(6) Calculation of the mean volume and the hemoglobin content of the 
red cells. (See par. 71.) 

(c) Reticulocyte count. (See par. 74.) 

(d) Icterus index. (See par. 72.) 

(e) Fresh blood smears. (See par. 68.) 

(f) Red-cell fragility test. (See par. 80.) 

(5) Parasites in the blood may be recognized by the use of appropri- 
ate methods. (See par. 68 and ch. 13.) 

b. IMporTANCE OF ACCURACY AND TECHNICAL Honesty. The value 
of any of these procedures is lost if they are not performed accurately. 
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If directions are followed carefully, however, most of these examinations 
can be made with reasonable accuracy. Errors can and do arise, never- 
theless, and serious harm to the patient can be avoided if they are dis- 
covered promptly and corrected. Such technical honesty is fundamental. 


60. Finger Puncture 

a. Materrars. (1) A puncture instrument with a sharp- cutting edge 
(not a round needle or pin), such as automatic blood lancet, Hagedorn 
needle, or Bard-Parker blade (No. 11). This may be pushed through a 
cork and the cork used to stopper the alcohol bottle. Keep the cutting 
blades as clean and shiny as possible. When these instruments are not 
available, the end of the broken glass slide can be used. 

(2) Gauze; ethyl alcohol (70 percent) or acetone-alcohol (equal 
parts). 

(3) Clean pipettes and chemically clean slides. 

b. Procepure. (1) Rub the finger briskly or place the hand in warm 
water to promote blood flow (an ear lobe may be used). 

(2) Clean the finger with alcohol or acetone-alcohol, and dry. If the 
fingertip is wet, the blood will not form a round drop. 

(3) Hold the side of the patient’s finger between your thumb and 
index finger. Puncture the finger with a firm, quick stroke deep enough 
for the blood to flow immediately. Avoid squeezing the finger close to 
the site of puncture because this forces tissue juices into the cut and 
dilutes the blood. 

(4) Wipe off the first drop with dry gauze. 

(5) Allow a large drop to collect before touching a blood pipette or 
slide to the drop. For smears on cover slips small drops of blood are 
used. 


. Hemoglobin Content 

a. GENERAL CoMMENTS. (1) The measurement of the hemoglobin 
in the blood is the simplest method of determining the presence of anemia 
or polycythemia; it can be done quickly with a minute amount of blood. 
The accuracy of the result, however, depends on the method used. More 
precise procedures are red-cell counts (par. 62) and the hematocrit (par. 
70). The former has the disadvantage that extensive skill and training 
are necessary to insure accurate counts, and the latter that blood must 
be obtained from a vein and that a centrifuge is required. 

(2) The quantity of coloring matter (hemoglobin) in the blood can 
be measured in many different ways. The accuracy of the various meth- 
ods differs greatly and consequently the method used should be stated. 
The use of crude methods, such as the Tallqvist scale, is condoned only 
because under certain conditions nothing better is available. 
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(3) It has long been the custom to express hemoglobin in percentage, 
the object being to state the hemoglobin value in proportion to normal. 
This object cannot be fulfilled because the amount of hemoglobin varies 
in normal individuals with age, sex, climate, and other factors, and there- 
fore no value can be arbitrarily fixed as the equivalent of 100 percent 
hemoglobin. Like other chemical constituents of the blood, the hemo- 
globin should be expressed in grams per 100 cc of blood. For the cal- 
culation of color index it is necessary, however, to choose some value in 
grams of hemoglobin which may be used as the equivalent of 100 percent 
hemoglobin. Since in the calculation of color index 5,000,000 red cells 
is used as 100 percent red cells, and in order that the color index of 
normal blood be found at 1.0, it is necessary to choose for 100 percent 
hemoglobin the value which corresponds, on the average and in the male 
and female, to 5,000,000 red cells. This value (the “hemoglobin coef- 
ficient”) is 14.5 gm. Various other values, however, have been used as 
the equivalent of 100 percent hemoglobin (see details below concerning 
each instrument). It is, therefore, necessary to state hemoglobin both 
in grams and in percentage. ; 

(4) In general, methods of measuring hemoglobin can be classified as 
direct and indirect. Direct methods measure the red color or blood; 
for the indirect procedures hemoglobin is mixed with N/10 hydrochloric 
acid to make a brown liquid, acid hematin. The latter is the preferable 
procedure because many persons are unable to match red. It is impor- 
tant to know, however, that acid hematin gradually increases in color 
intensity. It is necessary, therefore, to make readings at the same time 
interval after dilution. The desirable time is stated in the instructions 
given for each instrument. 

b. TaLttovist Metuop. (1) Materials. (a) Finger-puncture equip- 
ment. : 

(b) A Tallqvist scale, which is a paper strip with red bands, each- 
colored to represent from 10 to 100 percent hemoglobin content on test 
paper. 

(c) Absorbent paper (supplied in the book with the scale). 

(2) Procedure. (a) Blot a drop of blood with a sheet of the ab- 
sorbent paper, setting the paper aside for a moment until the sheen has 
disappeared. 

(b) Match the test spot against the color standard. Use a white back- 
ground, in daylight if possible. Note the figure of the color band similar 
to the color of the test spot. 

(3) Report. Reports are expressed in percentages; for example, “90 
percent (Tallqvist).” Since the method reveals only gross changes it is 
useless even to attempt to express the result in grams. 

ce. SAHLI MetHop. The Sahli hemoglobinometer recommended con- 
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sists of a square calibrated tube that comes in direct apposition with a 
brown-glass comparator rod; a pipette for measuring the proper amounts 
of blood is also supplied. This is the most generally available instru- 
ment of reasonable accuracy. 

(1) Procedure. (a) The calibrated tube is filled with N/10 hydro- 
chloric acid to about the “20” mark. 

(b) The pipette is filled with blood to the “20 cu mm” mark. Jt is 
important that all blood adhering to the outside of the pipette be removed 
before the dilution is made. 

(c) The pipette is carefully introduced into the calibrated tube and 
passed to the bottom, into the acid. The blood is then slowly expelled, 
care being taken to form no bubbles. When all the blood has been 
expelled the pipette should be rinsed twice with distilled water, the con- 
tents being expelled into the calibrated tube. 

(d) After waiting for a fixed interval (5 minutes), distilled water 
is added gradually until the shade agrees with that of the standard brown- 
glass rod. In mixing the contents of the calibrated tube, the fluid should 
never be permitted to touch the finger, or a loss of fluid occurs with 
resulting inaccuracy in the ultimate reading. The stirring rod supplied 
should be used. 

(2) Report. The amount of hemoglobin is determined by the final 
volume in the calibrated tube. The report should be expressed in grams 
and percentage; for example, “13.0 gm, 90 percent (Sahli)”; 14.5 gm 
equals 100 percent. 

d. OTHER CoMMONLY UsEep MeEtHops. Directions for the use of 
other types of hemoglobinometers will be found with the instruments. 
The standards for some of them are as follows: 

Fisher electrohemometer : 15.6 gm equals 100 percent hemoglobin. 

Haden-Hausser hemoglobinometer: 15.4 gm equals 100 percent 
hemoglobin. 

Newcomer hemoglobinometer: 16.9 gm equals 100 percent hemo- 
globin. 

Dare hemoglobinometer: 16.0 gm equals 100 percent hemoglobin. 

e. COPPER SULFATE Metnop (Phillips, VanSlyke, et al). In this re- 
cently devised method, the hemoglobin concentration is calculated from 
the specific gravity of the whole blood and plasma, separately determined. 


(See par. 207.) 


62. Red-Cell Counts 


a. MATERIALS. The following materials are required: 
(1) Diluting pipette. This often has a red bead in the bulb to make 
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it quickly recognizable. The Thoma pipette is marked in graduated lines 
along the capillary bore. (See fig. 2.) The fifth graduation from the 
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Figure 2. Red-cell pipette. 


tip is marked “0.5,” the tenth “1.0”; above the bulb is a line marked 
“101.” In this pipette, if blood is drawn to the 0.5 mark and the dilut- 
ing fluid to the 101 mark, the dilution is 1 :200. 

(2) Counting chamber. The Levy chamber with the improved Neu- 
bauer ruling is the supply table item of issue. There are other types of 
ruling and several kinds of chambers, all similarly used. The chamber 
is a thick glass slide with two central platforms; on the surface of each 
is engraved a series of rulings. The slide platforms on which the spe- 
cial cover glass fits are exactly 0.1 mm higher than the central platforms. 
When the cover slip is in place there is a space 0.1 mm deep, each ruled 
area having a surface area of 9 sq mm. The four larger corner squares 
outside the triple-ruled lines (1, 2, 3, and 4 in fig. 3) are each subdivided 
into 16 smaller squares. The central square is divided by triple lines 
into 25 small squares each of which contains 16 smaller squares, making 
a total of 400 squares. Each small square therefore represents 1/400 
sq mm. 

(3) Diluting fluid (Hayem’s solution). This is prepared as follows: 


SNE OREN go tak eaten parc o lng Cues wae pa haw hes 1.0 gm 
UMNRNIRT RNR ARBs Rea slo ad die Swine pala wee wv av emer e 5.0 gm 
ES RTIO TUG Sic os Socios Ca cla she Gs 2A c's gin Ve bedi a hes OF as 0.5 gm 
IMM MMM a cra tad an eck A eleakd ceacaveK gh diva wa bas ceo ee 200 cc 


(4) Finger—puncture equipment (or a sample of oxalated venous 
blood.) 

(5) Water, alcohol, and ether (for cleaning pipettes). 

(6) Microscope. 

b. CLEANING OF COUNTING CHAMBER AND PIPETTE. All pipettes and 
counting chambers should be clean and dry before using and should be 
cleaned immediately after using. Avoid harsh rubbing or strong solu- 
tions on the counting chamber. Remember that the depth of the pre- 
pared chamber is accurate only if the chamber, shoulder supports, and 
cover glass are perfectly clean. 

(1) Counting chamber. Cleanse the surface of the counting chamber 
with water. Dry with soft gauze and lens paper. As the newer count- 
ing chambers are made of one piece of glass, the avoidance of cement 
solvents in cleaning the chamber is no longer necessary. Alcohol or 
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ether must be used at times to remove grease. 


oil from the fingers onto the glass surface. 


Figure 3. Improved Neubauer counting chamber. 
counting is thoroughly explained herein. The numbers 1, 2, 3, 4 and the sixteen 
surrounding squares of each, indicate the parts of the slide used in counting white 

The letters A, B, C, D, E, and the areas between the double lines, indicate 


cells. 
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(Note. 


the areas used in counting red cells.) 


(2) Pipette. 
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suction, water pump, or air pump). 


(6) Draw alcohol through the pipette by suction, to remove the water. 
(c) Draw ether (or acetone) through the pipette, to remove the alco- 


When cleansing the sur- 
face of the counting chamber and its cover with alcohol and ether, hold 
at the sides and below, or hold with metal tongs, to avoid getting natural 


(a) Draw water through the pipette by suction (mouth 


hol; continue the suction of air for a few seconds to remove the ether. 


(d) The small bead in the bulb should then shake about freely, indi- 


cating a clean and dry pipette, 
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The method of blood 


(e) If pipettes become plugged through neglect, clean the capillary 
bore with a horsehair and let the pipette stand a few hours filled with 
potassium bichromate-sulfuric acid cleaning solution or dilute nitric acid, 
then clean as above. A perfectly clean pipette stem should fill easily with 
blood by capillarity. 

c. ProcepureE. (1) Draw blood exactly to the 0.5 mark on the red- 
cell pipette. Remove any excess on the outside of the tip by wiping on 
a piece of gauze. 

(2) Draw up the diluting fluid exactly to the mark 101, ae a 
dilution of 1 :200. 

(3) Prevent loss of fluid from the pipette by holding the capillary point 
on the ball of thumb and kink the rubber tube at the end of the pipette, 
holding it against the middle finger. Shake in a figure 8 motion for 2 
minutes to insure good mixing. 

(4) Put the cover glass in place on the counting chamber. 

(5) Discard 3 or more drops from the pipette, touch the tip of the 
pipette to the edge of the platform, and allow a thin layer of fluid to 
flow under the cover glass. If the fluid flows into the troughs, or there 
are bubbles under the cover glass, clean the counting chamber and try 
again. 

(6) Allow the cells to settle for 2 minutes. 

(7) Examine the chamber under the low-power (16-mm) lens of the 
microscope and note whether the distribution of red cells is even. If 
there is any clumping or grossly uneven distribution of cells, clean the 
counting chamber, shake the pipette again, and mount a new preparation. 

d. CounTING. Count all the cells in squares A, B, C, D, and E, 
inclosed by triple lines. (See fig. 3.) In counting cells in each square 
count all cells touching any of the triple lines on the right and top of the 
square. Do not count any cells touching the triple lines on the left and 
bottom of the square. From this count calculation is made of the num- 
ber of cells per cubic millimeter of blood. A grossly uneven distribu- 
tion of cells in the chamber usually results from faults in preparation 
(see below) ; when observed, the preparation and count should be re- 
peated. Some variation in the counts of cells in different blocks of cells 


is, however, to be expected, as indicated by the example cited below, and. 


further discussed below. 

e. CALCULATION ExAMPLE. (1) Long method. (a) Squares A, B, 
C, D, and E give counts of 100, 84, 90, 124, and 102 respectively, total- 
ing 500 cells. 

(b) Therefore, 80 small squares, which occupy 80/400 or 1/5 sq mm, 
contain 500 cells. 

(¢) Hence, 1 sq mm contains 5 & 500 = 2,500 cells. 
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(d) Since this cell layer is 0.1 mm thick, 1 cu mm contains 10 XK 
2,500 = 25,000 cells. 

(e) Since the blood was diluted 1:200 it contains 200 25,000 = 
5,000,000 cells per cubic millimeter. 

(f) Summary. Count of 80 small squares 5 for area) X 10 (for 
volume) < 200 (for dilution) equals number of cells per cubic millime- 
ter of blood. 

(2) Short method. If the dilution was 1 :200, the total cells per cubic 
millimeter may be found by adding four zeros to the total red-cell count 
in squares A, B, C, D, and E. For example, 500 with four zeros added 
is 5,000,000. 

f. NormaL Rep-cett (EryTHrocyTe) Counts. The normal count 
for men ranges from 4,600,000 to 6,200,000, and that for women from 
4,200,000 to 5,400,000. 

g. Sources oF Error. (1) Failure to hit the 0.5 mark exactly with 
the blood. 

(2) Allowing the blood to clot in the pipette. 

(3) Inaccurate dilution—either a bubble in the pipette or failure to 
exactly hit the 101 mark with the diluting fluid. 

(4) Failure to wipe away blood on the outside of the pipette. 

(5) Contamination of the diluting fluid with blood from red-cell pip- 
ettes. 

(6) Overfilling the chamber. 

(7) Not shaking the pipette long enough or allowing the cells to settle 
in the pipette after the shaking is stopped. | 

(8) Dirty chamber or pipette. 1 

-(9) Poor distribution in the chamber due to rouleaux formation or 
clumping. 

(10) Insufficient time allowed for the red cells to settle. 

(11) Yeast cells growing in the diluting fluid. 
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(12) A poor sample of blood either by failure to mix venous blood 
in the bottle thoroughly or by obtaining blood diluted with tissue juice 
from the finger 

(13) A visual error in counting the cells (an unexpected but frequent 
source of error, resulting especially in too low counts). 

h. Accuracy oF Count. (1) When the techniques of sampling, sub- 
sampling, diluting, filling the chamber, etc., are effectively perfect, there 
remains a substantial error in the estimate of the total number of cells 
in the sample due to random settling of the cells on the squares of the 
chamber. This is the largest unavoidable source of error in the estimate. 
In careful experiments it has been found that the cells settle to give a 
distribution of varying numbers of cells in each square such that the 
error in the estimate of the total number of cells is equal to the square 
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root of the number of cells counted. Thus the expected percentile error 
in the estimate is less the greater the number of cells counted. 

(2) In routine practice, when only five large squares from a single 
specimen are counted and when technique is seldom perfect, it has been 
estimated that the error is +8 percent for a count of 5,000,000. If the 
usual practice of taking twice the error as effective limits is followed, 
the count may be expected to be determined significantly within +16 
percent ; that is, if the count is repeated many times with the same tech- 
nique, the estimate 95 times out of 100 will be between 4,200,000 and 
5,800,000 and 5 times out of 100 the count may fall beyond those ex- 
tremes; in 50 times out of 100 the estimate will lie between 4,700,000 
and 5,300,000. If greater accuracy than this is desired, two or more 
pipettes must be used and more squares must be counted. 


63. White-cell (Leucocyte) Counts 

a. MATERIALS. (1) The required materials are the same as those for 
a red-cell count except for the pipette and the diluting fluid. 

(2) The white-cell pipette (fig. 4) is similar to the red-cell pipette, 
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Figure 4. White-cell pipette 


but has a smaller bulb, which contains a small white bead, and produces 
less dilution of the blood. The fifth line on the graduated capillary tube 
is marked “0.5,” the tenth line “1.0,” and above the bulb “11.” 

(3) The diluting fluid is prepared as follows: 

MMR RON PR ora ein chow hes sin tial b SU des bs a big deren Oe Ke 
MMR erg NES. Cras sais Wa eRe oe oe te Ck aN Os Wek 97> 

This fluid may be tinted blue, for convenience in identifying it, by addi- 
tion of a drop of 1 percent gentian violet. 

b. Procepure. (1) Draw blood to the 0.5 mark. 

(2) Draw diluting fluid to the 11 mark, making a dilution of 1:20. 

-(3) Shake, as in red-cell counting. 

(4) Discard 3 or 4 drops, and then fill the counting chamber. 

-(5) Allow- the cells to settle. 

(6) Examine under the low power of the microscope. 

ce. CountinG.. The white cells are counted in the four large corner 
squares labled 1, 2, 3, and 4. (See fig. 3.) The difference between the 
largest and smallest number of cells in any two squares should not ex- 
ceed 10. 

d.- CALCULATION Exampte. (1) Long method. (a) Squares 1, 2, 3, 
and 4 give counts of 34, 42, 38, and 36 respectively, totaling 150 cells. 

(b) Hence, one square (1 sq mm) contains 150 4= 37.5 cells. 
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(c) Since the cell layer is 0.1 mm thick, 1 cu mm contains 37.5 >< 10 
re PN OCOLNS: 


(d) Since the blood was diluted 1:20, it contains 20> 375==7,500 ~ 


cells per cubic millimeter. 

(e) Summary. Count of four squares: 4 (for average single square) 
10 (for volume) > 20 (for dilution) equals number of cells per cubic 
millimeter of blood. 

(2) Short method. Multiply the number of cells in four large squares 
(0.4 cu mm) by 50. For example, 150 > 50 == 7,500. 

e. Normat WuHuite-ceLt (LEucocyTE) Count. Normally, this count 
is 5,000 to 10,000. Many normal persons have variable counts according 
to activity, time of day, etc. Daily counts on a patient should be done at 
the same time every day. In cases in which the white count is very high, 
it may be necessary to use a dilution of 1:100, using the red-cell pipette 
and changing the calculation accordingly. In cases in which the count is 
abnormally low, make the dilution 1:10 by drawing blood in the white- 
cell pipette to the 1.0 mark, and multiply the number of cells counted in 
four large squares by 25. 


64. Blood Films 


a. CLEANING OF NEW SLipEs AND Cover GLasses. (1) A prerequi- 
site in making a good blood film is to have chemically clean slides and 
cover glasses. First wash in soapy water and rinse thoroughly with 
water. 

(2) Place slides in a large beaker of 95 percent ethyl alcohol. 

(3) Dry and polish with a soft lint-free cloth (not gauze). 

(4) Flame over a Bunsen burner. 

(5) Place in box with a clean slip of paper between each pair of 
slides. 

b. Dirty Siipes. (1) Boil in a 5 percent aqueous solution of sodium 
bicarbonate. 

(2) Scrub with soap and water. 

(3) Place in cleaning solution (potassium bichromate-sulfuric acid) 
for 12 hours. 

(4) Wash thoroughly to remove all traces of acid and place in 95 
percent ethyl alcohol as for new slides. 

(5) Discard all slides that are badly scratched or discolored. 

c. CovER GLAsses. These are cleaned in the same way as new slides 
except that they should not be flamed. Careful wiping without pressure 
will prevent much breakage. 

d. PREPARATION OF BLoop Fitms, (1) Materials. The following 
materials are required: Equipment for finger puncture and clean cover 
glasses and slides, free from grease. 
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(2) Preliminary details. Use thoroughly cleaned glassware. No. 2 
cover glasses, 22 mm square are preferable. Slides or cover glasses must 
be flat. Avoid concave or convex surfaces, since the blood will not spread 
properly. Wipe off the first drop of blood from the finger and use the 
second, which is more representative of the circulating blood. 


e. SMEARING. (1) Cover glass method (fig. 5). (a) Pick up two 
cover glasses, touching only the edges. 


Holding both cover slips. 
Touching drop of blood. 
Approximating both cover slips. 
Drawing cover slips apart. 
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Figure 5. Method of making cover slip. smears. 


(b) Adjust these between the thumb and forefinger of the left hand. 
This leaves the right hand free to regulate the size of the drop of blood 
to be picked up. 

(c) Hold the bottom cover glass of the two held in the left hand just 
above the drop of blood coming from the patient’s finger. Let the blood 
well up to reach the cover glass. Never touch the skin with the cover 
glass. The drop of blood should be about the size of a small black- 
headed pin, 
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(d) With the right hand remove the other cover slip from its posi~- 
tion in the left hand and place the two together in such a manner that 
the drop of blood spreads without causing bubbles. 

(c) Let the blood spread until it has almost stopped spreading. 

(f) Pull the cover glasses apart, doing so in the absolutely horizontal 
axis. Any tendency to a vertical pull ruins the preparation, since holes 
in the smear result. 

(g) Place the preparations (smeared side up) on clean paper and 
allow them to dry in the air. 

(2) Slide method. (a) Place a small drop of blood on the end of 
a slide and lay the slide on a flat surface. 

(b) Hold a second slide between the thumb and third finger of the 
right hand, and place one end at a 30° angle on the slide with the drop 
of blood. 

(c) Pull back the upper slide until it touches the drop of blood which 
then spreads along from one side to the other of the end of the top slide. 


(See fig. 6.) 


Lead to 
—> 


Draw out 
——_ 


Figure 6. Method of making blood film. 


(d) Holding the lower slide with the left hand, push the upper slide 
with a firm, steady motion toward the opposite end of the lower slide. 
The slower the movement, the thicker the film; the greater the angle, 
the thicker the film. Thin smears are necessary for satisfactory differ- 
ential counts. Avoid all unnecessary pressure because of the fragility 
of the cells. 

(e) Allow the slide to air-dry. In areas where insects are abundant, 
slides must be protected or they will be ruined. 

(f) Labeling may be done by writing on the thicker end of the film 
with an ordinary lead pencil when the film is dry. The slides should be 
stained within 24 hours for best results. 
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f. Crirert1aA For Goop Smears. (1) Cover glass method. Smooth, 
even spreads with red cells lying flat (never in rouleaux). Their edges 
may touch, but there must be no overlapping. At least eight such areas 
without holes and without streaks, as observed with the low-power lens 
of the microscope, constitute the minimal requirements for a good smear. 

(2) Slide method. A good film should be smooth and without waves. 
The edges should be even, and the film should not extend to the edges 
or end of the slide. 

g. Revative Merits or Cover GLAss AND Stipe MeEtHops. (1) The 
cover glass method gives a much better distribution of white-cells and is 
the method of choice in making differential white-cell counts. 


(2) The slide method gives a good distribution of red cells. The 
large white cells (polymorphonuclears and monocytes) are pushed to 
the edges, and the lymphocytes remain scattered through the spread, 
which makes satisfactory differential counting impossible. When red 
cells are to be examined for parasites, the slide method is superior to 
the cover glass method, inasmuch as more fields are available for study 
and red-cell distribution is as good as with the cover glass method. (See 
also par. 449 for malaria blood films.) 


65. Staining of Blood Films 

a, Reacents. (1) Wright's stain. This stain is used for routine 
blood films and for other laboratory purposes. The powdered stain is 
issued from the supply table. The stain solution is prepared by the 
laboratory as follows: 


Wright’s stain powder (supply table item)............... 0.3 gm 
Glycerol (neutral, chemically pure).............ceeeeeees 3.0 cc 
Methyl alcohol (absolute and acetone-free).............. 97.0 cc 


Put the powder in a dry mortar; grind with a pestle; add the glycerol 
and grind together thoroughly. Add the methyl alcohol and mix. Allow 
to stand overnight in a tightly stoppered flask; then filter, and set aside 
for a few days before use. Age improves the stain. The glycerol may 
be omitted when air humidity is high. 


(2) Buffer solution. This is prepared as follows: 


eSB itis ACTA PMOSDHALCs ical. + ae ties severe ace bt avC wetlo sels 1.63 gm 
MOMMNEM RY PRIOGTIIALES oJ giveth og Siu cae 2 tise ede Odean im dag aos 3.20 gm 
BRS EtbleG@ AWALER card pke = Bie cat word tela Ra oe oe eee te elo ee 1,000 cc 


b. Procepure. (1) Cover the dried film completely with Wright’s 
stain for 1 minute. This fixes the blood film. Corks are convenient for 
holding cover glasses while staining. 

(2) Add the buffer solution to the stain, drop by drop, until a green- 
ish, metallic scum appears on the surface. The stain and buffer should 
cover the cover glass or slide, but none should run off. Determine the 
time for staining by trial with a series of slides. This is usually about 
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2 to 5 minutes, but is variable with every batch of stain. The color of 
the cells may be varied by changing the pH of the buffer solution. The 
granules in the neutrophils should stain lilac, the eosinophils bright red, 
and the basophils deep blue. 

(3) Wash with water, continuing until the film is lavender pink. In 
washing, float off, rather than wash off, the scum with a stream of water 
(preferably distilled), which is at first run very slowly, and then more 
briskly, to free the smear from all traces of excess stain. All this time 
the cover glass on slide must remain absolutely horizontal. Washing 
should take from 5 to 10 seconds. 

(4) After washing is completed, the cover glass or slide is tilted and 
the lower edge touched to a blotter so that the excess of water is quickly 
drained off. 


(5) The smears are then dried in one of the following ways: 

(a) The smear may be air-dried by placing the cover glass or slide 
against some support and letting one edge rest on a blotter, or it may be 
waved gently in the air, touching only the edge of the cover glass or 
slide. 

(b) The cover glass or slide may be placed between layers of fine 
blotting paper that is absolutely free from dust. Apply light pressure to 
the blotting paper to facilitate drying. Then pick up the preparation and 
move it to a dry place, again applying light pressure. Be careful not to 
push the smear along the blotter or to press it too heavily, for holes and 
streaks in the preparation will be the result. The staining is thought to 
be better if the blotting method is employed, but many good smears have 
been ruined by slight negligence in the manner of blotting. 

(6) After drying the preparation, cover glasses should be mounted in 
clarite or in gum damar. (To prepare gum damar for use as a mounting 
fluid, make a dilute solution of the gum in xylol; add sufficient calcium 
carbonate to make the mixture appear smoky, and allow this to season 
by letting it stand for 2 to 3 months.) If the slides are used, the prep- 
aration usually is not mounted, and for examination, immersion oil is 
applied directly to the surface of the smear. If desired, a large, thin 
cover glass, mounted in clarite or gum damar, may be used to guard 
the smear on the slide. 

c. Common PITFALts IN StatNninc. (1) The stain precipitates on 
the preparation. This is due to faulty washing, that is, not holding the 
preparation horizontally and floating off the scum, thus permitting the 
latter to touch the smear, or dust to settle on the smear. It can be pre- 
vented by holding the preparation horizontally during the washing and 
learning to play the stream of water to the best advantage in washing 
and by keeping the smears clean during the interval that elapses between 
pulling and staining. 
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(2) An indefinite scum is present between the cells, due to insufficient 
washing. 

(3) If, in spite of these precautions, there is still some precipitate on 
the preparations, and the general color is too blue, this can usually be 
avoided by diluting the stain with an equal part of absolute methyl al- 
cohol and applying the diluted stain as directed above. A poor prepara- 
tion may sometimes be saved by washing very rapidly with a dash of 
95 percent alcohol and again washing immediately in water. If this is 
attempted, the alcohol should not be allowed to remain in contact with 
the smear for more than 1 second. 

(4) The preparations are damaged by improper blotting. 

(5) The Wright’s stain may deteriorate owing to volatile acids kept 
in the same place, to the addition of water from the mixing pipettes, or 
to an unclean storage bottle. 

d. CRITERIA FOR WELL-STAINED PREPARATIONS. As seen with the 
naked eye, the blood film covers about three-quarters of the cover slip 
and the film is yellowish or pink. All traces of blue should have been 
washed away. As seen microscopically, the red cells should be buff, 
neither lemon nor red. The platelets should be well stained and purple- 
blue, with their architecture plainly visible. The white cells should be 
stained as described in the section covering their characteristics. The 
areas between the cells should be clear and free from all suggestions of 
stain. The cells should stand out with distinctness, with no suggestion 
of hazy edges. There should be no precipitate. 

e. ALTERNATIVE METHOD FOR PREPARATION OF WRIGHT’s STAIN. 


Aetna es SUEY DOMIGET A5 ois s ic cc's os aes Uday dSeea ste 1.5 gm 
MRR AICI ONCE NNALE iis 655 oun se don oso loos oon 3 8S0 vie ss 0.4 gm 
HPPIser ete OSD AGEN foo gos onc, sacs sins <fo ew era's ee ike Bidle- oi 0.6 gm 
Methyl alcohol (absolute and acetone free)............... 500 cc 


Grind the dry ingredients in a mortar, and then add the alcohol. Allow 
the stain to stand for several days, shaking occasionally during this in- 
terval. Before use, filter. 

When the stain has been prepared with buffer salts, distilled water is 
added to the stain in b(2) above, instead of buffer solution. 

One or 2 drops of weak acetic acid solution or of weak ammonia 
water serve as simple acid and alkaline solutions when they are needed 
to correct stains that are too alkaline or acid, respectively. 


66. Differential White-cell Counts 

a. With a mechanical stage count across and up and down the good 
areas of the spread. Be careful to use such a technic that the same 
areas will not be counted twice. 

b. One hundred white cells are usually counted, but the number may 
be varied according to the number of leucocytes present. When there is 
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leucopenia, fewer cells may be examined, whereas when there is leuco- 
cytosis, more cells should be studied. In order to get the true propor- 
tion, it is necessary to include unclassified cells as well as those that can 
be classified. 

c. A white cell count should always be made at the time a differential 
count is done. It is only by this means that absolute changes in the 
number of cells can be determined. 

d. The normal limits of relative and absolute white-cell counts are 
listed in table I. 


Table I. Relative and absolute normal white-cell counts 


Absolute number 


Type of cell Percent 

Average | Minimum | Maximum 
totaltleucocy tess oie as oe or ee ie a et es 7,000 5,000 10,000 
UST gt 2 ae eee es SOCEM SARE Re MCE 0 0 0 0 
gaiverine neutrophils. 2.20) ees ee 4-6 400 200 600 
Segmented neutrophils__....._....__.--_---- 56-62 4,200 2,800 5,800 
POSING pints 2s We sat a a A ee nee es 1-3 200 200 300 
ere) 1 earns cael holo ner Tg a AR ee ...} 0-0.75 35 15 75 
EVAN HOCH Less oto ee a ee ee Ge 20-30 2,000 1,000 3,000 
AGRE IRS ns ei eet ee ee ee eae 4-8 450 300 600 


67. Characteristics of Stained Cells 


a. Rep Cetits. Normal red cells (erythrocytes) are circular, non- 
granular, non-nucleated cells, the centers of which are less intensely 
colored than the borders. In various diseases the blood may contain red 
cells showing the following abnormalities: 

(1) Hypochromia. The cells are pale staining due to a decreased 
amount of hemoglobin. 

(2) Polychromasia, The cells are bluish rather than buff. 

(3) Anisocytosis. There is a wide variation in the size of the cells. 

(4) Poikilocytosis. Many of the cells are not circular. The abnormal 
forms include oval-shaped cells, those looking like cigars, sickles, pears, 
bottles, and bells, and those resembling doughnuts and targets. 

(5) Macrocytosis. The average size of the cells is greater than the 
normal (7.5 microns). 

(6) Microcytosis. The average size of the cells is smaller than the 
normal. 

(7) Stippling. The cells contain a fine or coarse dusting of bluish- 
black granules (seen in lead poisoning and other conditions). 

(8) Howell-Jolly bodies. The cells contain one or two small, blue- 
black dots. 
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(9) Reticulocytes. These cells have bright blue, irregular threads and 
granules within the cell. Unless the preparation has been stained first 
with brilliant cresyl blue (par. 74), reticulocytes will not be seen in 
Wright-stained smears. 

(10) Nucleated red cells. These may resemble the red cells except 
for the presence of a nucleus (orthochromatic normoblast), or their 
cytoplasm may be bluish (polychromatic normoblast) or deep blue 
(basophilic normoblast). In pernicious anemia and related conditions 
various types of more primitive forms (megaloblasts) may appear. 

(11) Parasites. These may be contained within the red cells (malaria, 
bartonella, etc.). 

b. Wuite Bioop Cetts (Leucocytes). (1) The classification of 
cells found in normal blood (figs. 7 and 8@ and table 2) is as follows: 

(a) Juvenile neutrophiles (J.N.) or metamyelocytes. The nucleus is 
shaped like a horseshoe or sausage, and is unsegmented. 

(b) Polymorphonuclear neutrophils (P.M.N.). The nuclei are ir- 
regular, having two, three, or more lobes and often appearing polynu- 
clear. The deep purple, reticular, intranuclear, chromatin is pronounced. 
The cytoplasmic granules are pink or violet. 

(c) Polymorphonuclear eosinophils (P.M.E.). The nucleus is irregu- 
lar, generally bilobed, but may give the appearance cf being actually 
polynuclear. The cytoplasmic granules are larger when compared with 
the neutrophilic granules, and are all of the same size. In poorly stained 
films the granules may be paler, being nearly the same color as the 
neutrophilic granules; less often they take a dirty brownish stain. In 
general, eosinophils are recognized by the large, uniform size of the 
granules rather than by the depth of the granular stain. These cells 
tend to be a trifle larger than the neutrophils and are rather fragile. 
For the latter reason they can often be found broken, with their gran- 
ules scattered. 

(d) Polymorphonuclear basophils (P.M.B.). The nucleus is of the 
size and shape of the eosinophilic nucleus, but sometimes is entirely 
hidden by the deeply staining basophilic (blue) granules that completely 
fill the cells. 

(e) Lymphocytes. The cell is fairly regular in outline, and round in 
shape. The nucleus is round or slightly notched, and takes a deep blue 
stain. The chromatin masses are coarse. The protoplasm stains deep to 
pale blue. In about one-third of these cells, so-called “azure granules” 
can be seen; there are usually few in number and variable in size and 
are stained purplish-red. 

(f) Monocytes. These are large cells with a single nucleus that is 
round or indented to a variable degree. The nuclear stain is lighter than 
that of the lymphocyte, and the nucleus appears less dense. The chro- 
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matin network is fine, but a few denser aggregations of chromatin are 
frequently found. In the cytoplasm, which is stained cloudy blue or 
gray, are abundant fine, lilac or reddish-blue granules. 

(2) Under abnormal conditions, other types of leucocytes are found 
in the blood. These include the following: 


(a) Stab forms or “staff” cells. These are neutrophilic leucocytes 
that possess horseshoe or sausage-shaped nuclei, like the juvenile neu- 
trophils or metamyelocytes, but the nucleus stains very deeply (pyk- 
notic). This abnormality of staining is attributed to the effects of toxic 
substances in the blood associated with various infections. Such cells 
may also show “toxic granulation,” by which is meant the presence of 
relatively large, deeply staining cytoplasmic granules. The more “toxic” 
the reaction, the fewer the granules and the larger their size. Obviously 
the effects of poor staining must be distinguished from the changes de- 
scribed above. 

(b) Immature forms. In certain diseases, young forms of the mye- 
loid, lymphoid, and monocytic series of cells are present. (See figs. 7 
and 8 and table II.) 

(c) In differentiating leucocytes it is important that all the detailed 
characteristics recorded in table II be observed. It should become a 
habit to note, in examining a cell, the size, shape, position, and chro- 
matin structure of the nucleus, the presence or absence of nucleoli, the 
relative amount and color of the cytoplasm, the presence of a perinu- 
clear clear zone, and the presence and nature of cytoplasmic granules. 
One should be careful, however, to identify a cell by all of these fea- 
tures and not to be guided by one cell characteristic alone. A well-made, 
well-stained blood smear is an absolutely essential prerequisite for the 
identification of leucocytes. 


68. Fresh (Wet) Blood Preparations 


a. Purposes. The examination of a wet, unstained film of blood is 
useful for several reasons: 

(1) No stain is required. 

(2) Parasites, if present, are not killed and they may be picked up 
easily by their movement in the preparation (trypanosomes, spirochetes 
of relapsing fever, and microfilaria) or by their pigment (malaria). 

(3) Sickling of red corpuscles can be observed. 

(4) The variations in size and shape of the leucocytes and their mo- 
tion can be observed. 

b. Tecunic. (1) Place a drop of blood the size of a pinhead on a 
cover glass. 

(2) Place the cover glass on a glass slide in such a manner that the 
drop is spread without bubble formation, 
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Normal red corpuscles (normocytes). 
Small red corpuscles (microcytes). 
Large red corpuscles (macrocytes). 


Exceptionally large red corpuscle from a case of pernicious anemia. 


Aa pag ee 


Abnormally shaped red corpuscles (poikilocytes) from cases of pernicious 
anemia, chronic posthemorrhagic anemia, and sickle cell anemia. 


6. Reticulocytes, stained with cresyl blue, as well as Wright’s solution, to show 
the granulo-reticulofilamentous network. 


7. Red corpuscles showing polychromatophilia (diffuse basophilia). 


8. Red corpuscles showing basophilic stippling (Punctate basophilia): a, b, and 
c are from a case of pernicious anemia, d from a case of lead poisoning. 
The stippling in d is much finer than in the other cells; ¢ contains a large 
nuclear fragment; b and d are also diffusely basophilic. 


9. Red corpuscles containing Cabot ring bodies. The cytoplasm of a and ¢ is dif- 
fusely blasophilic and contains fine “chromatin dust.” 


10. Basophilic red corpuscle containing 3 Howell-Jolly bodies, a Cabot ring body, 
and fine “chromatin dust.” 


11 to 18. Normoblasts. Numbers 11 to 17 from the bone marrow of cases of hemo- 
lytic anemia, 18 from a case of hypochromic microcytic anemia. 


11. Pronormoblast. There are a few tiny nucleoli in the nucleus. The cytoplasm 
is deeply basophilic, but hemoglobin formation is just commencing at the 
four o’clock position. 


12. Basophilic normoblast. There are no nucleoli, the cytoplasm is less deeply 
basophilic than that of cell 11. There is beginning hemoglobin formation in 
the upper portion of the cell. 

13. Polychromatic normoblast. 

14 to 17. Orthochromatic normoblasts. In Nos. 16 and 17 there is karyorrhexis. 
In No. 17 there is also punctate basophilia. 

18. Basophilic “microblast,” to be distinguished from a lymphocyte by the opaque 
grayish-blue color of the cytoplasm and the small size of the cell. 


19 to 23. Megaloblasts from the bone marrow of cases of pernicious anemia. 


19. Promegaloblast. Note that the chromatin appears finely granular and is much 
more homogeneous than that of the pronormoblast (No. 11). The nucleoli 
are barely perceptible. 


20. Basophilic megaloblast. Note the finely divided, meshlike chromatin, so charac- 
teristic of the megaloblast. Compare with cell 12. 


21 and 22. Polychromatic megaloblasts. Not only is the color of the cytoplasm 
changing as compared with that of cells 19 and 20 but the chromatin is 
becoming aggregated into larger masses. It continues to be rather homo- 
geneous. 


23. Orthochromatic megaloblast containing 2 Howell-Jolly bodies. 
24. Giant platelet. 
25. A few platelets of normal size and one exceptionally large one. 


Figure 8. @ Normal and abnormal red corpuscles and platelets, 
(Wright’s stain. 1 mm=1 pz.) 
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Figure 8. @ Normal and abnormal red corpuscles and platelets. es 
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(3) Ring the cover glass with vaseline to prevent drying. 

(4) Study first with the lower power, then with high dry and oil 
immersion. 

c. CRITERIA FOR A GooD PREPARATION. The spread must be thin, with 
the cells lying flat and not overlapping. 

d. ComMoN DIFFICULTIES IN MAKING A Goop PREPARATION. The 
chief causes of poor preparation are dirty glassware and careless spread- 
ing of the drop. 


69. Use of Venous Blood for Hematologic Procedures ("Screen 
Tests'’) 


a. When venipuncture is possible or is being done (for routine sero- 
logic tests for syphilis or for blood chemistry), it is simpler to collect 
blood from a vein in a bottle containing the proper anticoagulant and to 
send it to the laboratory than to have a technician come to the patient 
with a tray of pipettes and diluting fluids and a hemoglobinometer. Fur- 
thermore, if venous blood is available, the following so-called “screen 
test” yields more extensive and more accurate information and requires 
less highly trained personnel than the usual routine of red-cell and white- 
cell counts and a hemoglobin determination : 

(1) Fill a hematocrit tube (par. 70) and allow it to stand vertically 
for 1 hour, thus determining the sedimentation rate (par. 73). 

(2) Centrifuge the hematocrit tube, as directed in paragraph 70, and 
read the volume of packed red cells and the volume of packed leucocytes 
and platelets. The volume of packed red corpuscles is an accurate index 
of the presence of anemia or polycythemia. The volume of packed leuco- 
cytes and platelets normally is 0.7 to 1.0 mm. If this layer is greater or 
less than this, an increase or reduction in leucocytes or platelets (or both) 
is suggested and appropriate counts should be made. 

(3) The color of the plasma is compared with a series of standards 
(par. 72) and the icteric index is determined. 

(4) If any of the above determinations reveal some abnormality, fur- 
ther studies should be made as indicated. Venous blood is satisfactory 
for the determination of hemoglobin, red-cell count, white-cell count, 
platelet count, reticulocyte count, and red-cell fragility. These can be 
carried out without recourse to the patient for additional blood. If any 
of these measurements require repetition or checking, blood is available 
for this purpose. Venous blood is not suitable for morphologic studies, 
and blood smears should always be made directly from the finger or ear 
lobe. 

b. The technic of venipuncture is given elsewhere. (See par. 50.) The 
needle and syringe must be dry so that no hemolysis will occur. 

c, ANTICOAGULANT AND BOoTTLe FOR COLLECTING VENOUS BLoop. 
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1 to 13. Myeloid series. Numbers 1 to 11 are arranged in order of maturity. 


1. Myeloblast. The nuclear chromatin is very fine, there is only a faint nuclear 
membrane, and the nucleus contains 6 nucleoli. The cytoplasm is deeply baso- 
philic and contains no granules. 


2 to 6. Myelocytes, in order of maturity. Number 2, which some writers would 
call a myeloblast and others a promyelocyte or myelocyte “A,” differs from 
No. 1 only in that there are a few granules in the cytoplasm; Nos. 3 and 
4 are also spoken of as promyelocytes, or as myelocytes “B” because their 
cytoplasm contains a moderate number of granules. In No. 4 a few granules 
are seen overlying the nucleus which is becoming less distinct than that of 
myeloblasts and very young myelocytes. Numbers 5 and 6 represent the 
typical “differentiated” neutrophilic myelocyte or myelocyte “C’—there are 
many granules in an abundant cytoplasm, and the nucleus is relatively indis- 
tinct and has the appearance of lying deep in the cell. 

7 and 8. Metamyelocytes, or “juveniles.” The nucleus has again become distinct ; 
the basichromatin is more compact than in the younger cells of this series. 


9 to 11. Polymorphonuclear neutrophils with 2, 3, and 9 segments, respecitvely. 
Number 11 represents the giant, multilobed neutrophil which is most com- 
monly seen in pernicious anemia in relapse. 


12. Basophil. The granules are characteristically very large and bluish-black in 
color. The nucleus is not readily distinguished. 


13. Eosinophil. The granules are numerous, large, uniform in size, and brick-red 
in color. 


14. Portion of a megakaryocyte found in the blood. 
15. Degenerated nucleus, a so-called basket cell. 
16 to 21. Lymphocytic series. 


16. Lymphoblast. The nuclear chromatin is fine and somewhat stippled. There is 
a distinct membrane about the nucleus and around the 3 nucleoli, and there 
is more of a tendency to clump than in the myeloblast. The cytoplasm is 
deeply basophilic. 


17 to 21. Mature lymphocytes. The nuclear chromatin is more compact than that 
of the lymphoblast and there are no nucleoli. There is a perinuclear clear 
zone in some of the cells. The cytoplasm is quite basophilic in No. 17 but 
pale in the others. Azurophilic granules are seen in some of the cells. The 
light areas in the nucleus of No. 19 should not be confused with nucleoli. 


22 to 25. Monocytes. The nuclear chromatin is quite fine and strandlike and thus 
differs from that of the myeloid and lymphocytic series of cells. The cyto- 


plasm contains many fine, lilac or reddish-blue granules. 


Figure 8. @ Normal and abnormal white corpuscles. 
(Wright's stain. 1 mn=1 wp.) 
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Figure 8. @ Normal and abnormal white corpuscles. 
(Wright's stain. 1 mm = 1 vb.) 


(1) The anticoagulant solution is prepared as follows: 


POVaR IAI NOIELE CHAM NOPSCRICRER. ~ oP gcncrc Gen ea usd ergs aoeck ey sa ale gabe tee eelek 1.2 gm 
Preibiaaeinate CW alte ec eaten te Meek ce.s ain bk aa eb Wa saiowtw bate Be 0.8 gm 
Beep eem crea enV ee te al Sr a sae acd Daina oldie 100 cc 


One-tenth of a cubic centimeter of this solution (2 mg of oxalate) will 
prevent the coagulation of 1 cc of blood. 

(2) The most suitable bottle is one of somewhat more than 5-cc capa- 
city with a mouth large enough to permit the entry of counting pipettes 
and supplied with a cork that allows no leaking of blood even when the 
bottle is inverted. 

(3) Drop from a burette 0.5 ce of the anticoagulant solution into a 
series of small bottles. Allow this to dry at room temperature—not in a 
drying oven or autoclave, since above 80° C. oxalate is changed to car- 
bonate, which has no anticoagulant properties. 

(4) Five cubic centimeters of blood are collected in such a bottle. 
Before expelling the blood from the syringe, the needle should be re- 
moved. Thorough mixing of the oxalate with the blood must be insured 
by gently inverting the sample a number of times. Blood collected in 
the above anticoagulant should not be used for nitrogen determinations 
because of the ammonium oxalate present. 


70. Volume of Packed Red Cells (Hematocrit) 

a. MaterrArs. A Wintrobe hematocrit, pipette and bulb, and a cen- 
trifuge are required. The hematocrit (fig. 9) is a glass tube sealed at 
one end about 11 cm in length, with an inside diameter of 2.5 mm; on 
the tube is etched a scale in millimeters and centimeters. The figures 
at the left of the scale read downward from 0 to 10 cm, and are used 
for measuring sedimentation rate; those on the right read upward from 
0 to 10 cm and are used for meaurement of the volume of the packed 
red cells. 

b. PRocepuRE. (1) Venous blood is drawn as already described. 
The blood must be mixed thoroughly by gently inverting the container 
for 30 seconds or longer; blood is then withdrawn by means of the 
pipette and bulb; the pipette is passed to the bottom of the hematocrit, 
and the blood is gradually expelled as the pipette is raised. Care should 
be taken to leave no bubbles of air in the hematocrit. The tube is filled 
to the “10” mark. 

(2) The hematocrit may be allowed to stand erect for 1 hour. During 
or at the end of this time the sedimentation rate of the red corpuscles 
may be determined; the red cells, which are heavier than leucocytes and 
platelets, become separated from them. This step is not essential and 
may be omitted if the sedimentation rate is not required. 

(3) The hematocrit is centrifugalized until no further packing of the 
red cells occurs. The time required may be determined by trial with the 
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centrifuge used. The speed of centrifugation must be at least 2,800 rpm. 
Complete packing occurs at 3,000 revolutions per minute in 30 minutes 
(speed “10” on an International centrifuge, Type SB, head radius 
9 cm). 

The hematocrit can be placed in a 15-cc metal centrifuge cup without 
support, but the bottom of the cup should be padded with a rubber 
cushion or small wad of cotton. The centrifuge must be balanced by 
placing another hematocrit in a 15-cc cup in the corresponding position 
‘on the other side of the centrifuge head. 

(4) Since the hematocrit is a tube of uniform inside bore and flat 
bottom, the readings may be made directly from the scale on its side. 
If the hematocrit has been filled exactly to the “10” mark, the upper 
level of packed red cells multiplied by 10 gives the percentage of packed 
red cells. If the hematocrit was not filled to “10,” then the volume of 
packed red cells, as read, is divided by the reading at the meniscus made 
by the blood plasma, and then multiplied by 100. 


The volume of packed white cells and platelets (the reddish-gray layer 
above the packed red cells) affords a rough estimate of the quantity of 
these constituents. They normally form a layer 0.7 to 1.0 mm in thick- 
ness in the hematocrit. 

c. If the Wintrobe hematocrit is not available, a 15-ce graduated cen- 
trifuge tube can be used. Such a tube, however, requires 15 times as 
much blood as the Wintrobe tube, and the accuracy of calibrations can- 
not be easily checked. Tubes of the same diameter as that of the Win- 
trobe tube can be improvised from glass tubing. (See par, 14.) 


71. Mean Corpuscular Volume, Hemoglobin and Hemoglobin 
Content 

a. Cotor INDEX. The term “color index” means the amount of hemo- 

globin in the average red-cell of the patient compared with the normal 
amount. Thus, 


hemoglobin (percent) 
Color index = ————__——_ 


red cells (percent). 
To express the red-cell count as percent, it is necessary to multiply the 
first two figures of the count by two. For if the red-cell count is 5,000,- 
000, and the hemoglobin 100 percent, 


100 
Color index = ——— = 1. 


50 X 2 
A normal color index ranges from 0.85 to 1.15. 


b. Since it is not possible to fix a figure for hemoglobin or for red- 
cell count that is truly representative of the average for men and women 
as well as for children of different ages, it is better to calculate the hemo- 
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Figure 9. Hematocrit. (The appearance of centrifugalized blood in various condi 
ditions. (Oxalated venous blood was placed in Wintrobe hematocrit tubes and 
centrifugalized at 3,000 revolutions per minute for % hour.) ) 

Normal blood. 

Simple anemia due to chronic infection. 

C. Chronic posthemorrhagic anemia. The blood plasma is very pale. 

D. Chronic myeloid leukemia. There is a thick layer of white corpuscles and platelets above 
the red corpuscles. 

E. Pernicious anemia. Note the small amount of packed red corpuscles, the very narrow layer 
of leukocytes and platelets, and the coloring of the blood plasma due to increased bili- 
rubinemia. 

F. Catarrhal jaundice and slight anemia. In this case the coloring of the blood plasma is due 


Pe 
g 
to biliary obstruction rather than to increased destruction, 


globin content of the average red cell in absolute terms. If the volume 
of the packed red cells is determined at the same time as the red-cell 
count and hemoglobin, it is possible to calculate also the volume of the 
hemoglobin and the hemoglobin concentration of the average red cells, 
as follows: 


(1) Mean corpuscular volume (M.C.V.). This is the volume of the 
average red cell of a given sample of blood, and is determined by divid- 
ing the volume of packed red cells, expressed in cubic centimeters per 
1,000 ce of blood, by the red cell count, expressed in millions. For ex- 
ample, if given blood contains 5,100,000 red cells per cu mm and 44.6 
cc of packed red cells per 100 cc of blood, then 


446 
M:.C.V. = —— = 87 cubic microns. 
1 


(2) Mean corpuscular hemoglobin (M.C.H.). This is the amount of 
hemoglobin, by weight, in the average red cell of the sample of blood. 
It is determined by dividing the hemoglobin of the blood, expressed in 


grams per 1,000 cc of blood, by the red-cell count, expressed in millions. . 


For example, if the red-cell count is 5,100,000, and the hemoglobin 15.2 


gm per 100 cc, then 
152 
M.C.H. = —— = 30 micromicrograms. 


A micromicrogram is a millionth of a millionth of a gram. 

(3) Mean corpuscular hemoglobin concentration (M.C.C.). This is 
the proportion of hemoglobin contained in the average red cell of the 
sample of blood. It is determined by dividing the hemoglobin, expressed 


in grams per 100 cc by the volume of packed red cells, expressed in 
cubic centimeters per 100 cc, and multiplying the result by 100. For 


Table III. Normal red-cell values 


Male Female 
Determination 
Average | Ranset | average | Range of 
Red blood cells (in millions per cu mm)_-- 5.4 4.6-6.2 4.8 4.2-5.4 
Hemoglobin (in grams per 100 cc blood) _- 16 14-18 14 12-16 
Volume of packed red cells (in cc per 100 47 40-54 42 37-47 
blood). See at el a a cS ec Ae ee mS 
Mean corpuscular volume (in cubic | Average, both sexes, 87; range of normal, 
microns). 82-92. 
Mean corpuscular hemoglobin (in micro- | Average, both sexes, 29; range of normal, 
micrograms). 27-31. 
Mean corpuscular hemoglobin concentra- | Average, both sexes, 34; range of normal, 
tion (in percent). 32-36. 
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example, if the hemoglobin is 15.2 gm per 100 cc, and the volume of 
packed red cells 44.6 per 100 cc of blood, then 


15.2 
M.C.C. = ——— X 100 = 34 percent. 
44.6 


c. ImporTANCE oF AccurAcy. Simple calculation should make it evi- 
dent that the value of determinations of the size and hemoglobin content 
of the red cells depends on the accuracy of the red-cell count, hemo- 
globin and volume of packed red cells, from which they are calculated. 
An error in red-cell count of 500,000 can obviously give a misleading 
value for mean corpuscular volume. Few people realize what the range 
of error of red-cell counts is in the hands of many technicians. Unless 
the technical work is of high quality it is better not to attempt to cal- 
culate the mean volume and the hemoglobin content of the red cells. 


d. NormMAL VALues. The normal values for mean corpuscular volume, 
hemoglobin, and hemoglobin concentration are given in table III. 


72. Icterus Index 
a. This measures the intensity of the color of the blood plasma. Fol- 


lowing centrifugation of the blood in the hematocrit tube, the color of 
the plasma is matched against a series of standards containing arbitrarily 
fixed concentrations of potassium bichromate. The normal is 5.0 to 7.5 
units. 

b. The measurement of the icterus index in the hematocrit permits 
this test to be used as a quick index of the presence of abnormal pig- 
mentation of the plasma, without recourse to the chemical laboratory. If 
the icterus index is elevated, a van den Bergh test should be carried out. 

c. Standard tubes can be purchased, but they can also be easily made 
by taking glass tubing of about the same bore as the hematocrit, cutting 
it into lengths of about 12 cm, and sealing one end. The dilutions of 
potassium bichromate are made from a 1:100 solution, as follows: 


OC 0F 
dichromate cc. of distilled water 
stock solution containing 2 drops of 


-Dilution 1 to 100 conc. H:SO,to 100 cc. Icterus index 
TOD attests est Rae oe 10.0 0.0 100 
RISB eee etek Matar 7 2.5 FS) 

D2 OO aptrece e AS heats 5.0 5.0 50 
LEAQD Se ere pies ves ee oy 25 7.5 25 
1 SOD weet acta oe 2.0 8.0 20 
TS OOO EG canis Cts ashe ese fess ene Se. 15. 
BEE 0, Cee ate ra) ene aera 1.0 9.0 10 
bP O00 tare raat cee ee 0.5 9.5 5 


Each of the dilutions is placed in a separate tube, the opening of the 
tube is sealed, and the tube is marked according to its appropriate icteric 
value, 
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73. Sedimentation Test 


a. PrincrpLe. If blood to which an anticoagulant has been added is 
placed in a narrow tube, the red corpuscles settle out of this suspension, 
leaving clear plasma above them. In the sedimentation test, the distance 
that the corpuscles have fallen after a given interval of time is measured. 

b. Metuop. (1) Venous blood is collected as already described and 
mixed with the standard oxalate anticoagulant. (See par. 69.) 

(2) A hematocrit tube is filled with blood (par. 70) and is set in a 
vertical position in an appropriate rack. 


(3) The upper level of sedimenting corpuscles is read at frequent 
intervals or, more simply, a single reading is made at the end of 1 hour. 

(4) The result is recorded as the number of millimeters that the 
corpuscles have fallen, the period of time being stated. 

c. Certain details must be observed in order to insure accurate and 
consistent results: 

(1) The hematocrit must be kept in an exactly vertical position dur- 
ing the sedimentation of the red cells, for when the instrument stands 
at an angle of even 3° from the vertical, significant acceleration of sedi- 
mentation takes place. A suitable rack must be prepared or obtained. 
(See fig. 10.) 


Figure 10. Support for sedimentation (hematocrit) tubes. 


A solid block of wood (oak) is provided in front with 15 V-shaped indentations. 
Each group of 5 indentations is provided with a rubber-covered spring clamp, which 
holds the tubes in position. 

Leveling screws in the base and a spirit level attached to the top of the block 
make it possible to set the block in.an exact horizontal position. Since the V-shaped 
indentations are cut at a right angle to the base, the tubes set in them are held in 
vertical position. 

The vertical hofes drilled in the body of the block provide convenient support for 
tubes not in use. 

(2) The standard quantity of anticoagulant should be used. Higher 
concentrations of anticoagulant tend to delay sedimentation. 

(3) The collected blood should be used for the determination of sedi- 
mentation rate within 4 hours of its time of collection. Further delay 
may be associated with increased suspension stability of the blood. 

(4) Since the sedimentation rate increases with increasing tempera- 
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ture, the test should be carried out at a temperature not less than 22° 
or greater than 27° C. Within this range variations resulting from dif- 
ferences in temperature are small. If the blood used has previously 
been kept in a refrigerator, it should be permitted to attain the above- 
mentioned temperature before being used. | 
d. “CORRECTION” OF SEDIMENTATION RATE. The quantity of cor- 
puscles in suspension obviously influences the stability of the suspension. 
When anemia is present, the sedimentation velocity is greater, and when 
polycythemia is present it is slower than that in blood containing a 
normal quantity of corpuscles. The sedimentation rate as above deter- 
mined may be “corrected” by centrifugalizing the blood in the hemato- 
crit and determining the volume of packed red cells. The “corrected” 
rate is then found with the aid of a chart. (See fig. 11.) 
\ 
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Figure 11. Chart for the correction of sedimentation rate according to volume of ; 
packed red cells. 


The logarithmic curve on which this chart is based is heavily outlined. The mean 
normal volume of packed red cells for men (47 cc) and for women (42 cc) are 
also heavily outlined, and the range of normal sedimentation is represented by 
solid and open columns for each sex, respectively. 


For correcting the sedimentation rate, find on the chart the horizontal 
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line corresponding to the sedimentation rate for the patient; find also 
the vertical line corresponding the volume of packed red cells in the 
patient’s blood. Select the curve lying nearest to the point of junction 
of the horizontal and the vertical line and follow this to the line corre- 
sponding to a volume of packed red cells of 47 cc. The horizontal line 
at this last point of juncture leads to the corrected sedimentation rate. 
-e. NorMAL VALUES. Sedimentation velocity is normally greater in 
women than in men. The chief cause for this is the difference between 
the sexes in the quantity of red cells. When the sedimentation rate is 
corrected to a volume of packed red cells of 47 cc (the average in men), 
the sedimentation rates in the two sexes are equal. Normal sedimenta- 
tion for both sexes may be considered to be from 0 to 6 mm in 1 hour; 
values of 7 to 10 mm are “borderline.” Values between 11 and 15 mm 
represent slight increases in rate, 16 to 24 mm moderate increases, and 
25 mm or greater marked acceleration. 
The correction of the sedimentation rate for anemia is only an ap- 
proximation. Occasionally it may be misleading. Consequently it is 
necessary to record uncorrected as well as corrected sedimentation rate. 


f. ALternaTivE Metuops. (1) (a) If graduated Wintrobe sedi- 
mentation tubes are lacking, ungraduated tubes can be used in a rack 
arranged for reading the height of the column of red cells against a 
graduated background. (See fig. 9.) Such a rack and tubes can be 
improvised in almost any laboratory. (See fig. 12.) 


(b) The graduated surface against which the tubes are held can be 
prepared most easily by using millimeter graph paper, but if this is not 
available, plain paper can be ruled by hand with parallel lines at 1-mm 
intervals, with every tenth line accentuated. Type or draw numerals on 
the paper in appropriately spaced columns to indicate the millimeters by 
tens reading downward, but in one column reverse the numerals to read 
upward. Cement the paper to a glass plate or smooth wooden board, 
and then cut vertical grooves 1 or 2 mm in width in the paper between | 
the columns of numerals. Place the plate so prepared in a suitable base, 
with clips to hold the sedimentation tubes against the grooves in the 
paper. The clips can be made from any light spring metal, either indi- 
vidually or by cutting out a plate (fig. 12), or from wire (paper clips) 
suitably bent and fixed by screws in the base. The shallow grooves 
serve to hold the sedimentation tubes perpendicularly; and, in case of 
the glass plate, permit readings to be made by transillumination if a 
light is placed behind the plate. The tubes are made from straight plain 
glass tubing with an inside diameter of 2 to 3 mm and a 1-mm wall, 
cut in lengths of about 115 mm. Fire-polish one end of each tube and 
seal the other by just touching it to,the margin of a hot flame. By 
careful rotation of the tube while sealing, the glass can be made to flow 
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Figure 12. Rack for holding ungraduated sedimentation tubes against 
a graduated background. 


The lines for millimeter graduations, shown here in only one column, should be 
drawn continuously across the background. Frontal view represents three tubes in 
place; Sagittal section shows a tube held by a spring clip against the graduated 
background. 
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to give a flat inner seal. A single graduation mark is scratched or etched 
on the tube to indicate a column of blood 100 mm in height. 


(c) For the test, fill the tube with blood exactly to the 100-mm mark, 
using a long-stemmed capillary pipette; then slip the lower end of the 
tube under the clip, and adjust its height in the vertical groove to place 
the 100-mm mark on the tube even with the top zero line of the gradu- 
ated background. Make sure that the rack is so adjusted that the tubes 
are absolutely perpendicular. Complete the sedimentation readings, as 
described above, and then centrifuge to pack the cells completely. To 
read the volume of packed cells, hold the tube against the groove ad- 
jacent to the column of numerals reading upward, and read the cell 
volume directly in percent. 

(2) If proper tubes are lacking, standard laboratory glassware can 
be used, as follows: 

(a) Select test tubes from 75- by 10-mm stock, of such caliber that 
2 cc of liquid produces a column 55 mm high; etch or scratch the tube 
at that point. 

(b) Put exactly 0.2 cc of a 3 percent aqueous solution of sodium 
citrate in the tube. 

(c) Fill to the 50-mm mark with blood, and mix by inverting, to 
avoid air bubbles. 

(d) Set the tube in the vertical position, and measure the height of 
the cell column with a millimeter ruler, again recording this height at 
the end of 1 hour. 

(e) The normal 1-hour drop is 2 to 8 mm for men and 2 to 10 mm 
for women. 


74. Reticulocyte Counts 

a. PrincipLeE. When red cells in the fresh, undried state are mixed 
with cresyl blue, a blue reticulogranular network will appear in some of 
them. Such cells are called reticulocytes. Normal blood contains 0.5 to 
1.0 percent reticulocytes, or 5 to 10 per 1,000 red cells. 

b. CAPILLARY-TUBE METHOD. (1) Materials. The following mate- 
rials are needed. 

(a) Equipment for finger puncture, or a bottle containing blood. 

(b) Clean glass slides. 

(c) Capillary glass tubes, 2 to 3 mm outside diameter and about 5 
cm long. 

(d) Supravital stain, prepared by dissolving 1 gm of brilliant cresyl 
blue and 5 gm of sodium citrate in 100 cc of distilled water. 

(e) Wright’s stain. 

(2) Procedure. (a) Fill a capillary tube half full of the supravital 
stain. 
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(b) Place it in an incubator to dry. 

(c) Fill the tube containing the dried stain half full of blood. 

(d) Tilt the tube back and forth until all the dried stain is dissolved 
by the blood. , 

(e) Allow the tube to stand for 15 to 30 minutes. 

(f) Place the contents of the tube on a clean glass slide and make 
a thin smear. 

(g) Counterstain with Wright’s stain, and examine under the oil- 
immersion lens. 

(h) Count 1,000 red cells, noting the number of reticulocytes. 

c. Wet-Fi-m Metuop. (1) Materials. The following materials are 
required : 

(a) Equipment for finger puncture, or a bottle containing blood. 

(b) Clean cover glasses and slides. 

(c) Stain, prepared by dissolving 1.0 gm of brilliant cresyl blue and 
0.4 gm sodium citrate in 100 cc physiologic saline solution. 

(2) Procedure. (a) Place a small drop of blood in the center of a 
cover glass, and to this add about twice as much stain. 

(b) Invert this on a slide, drawing up the excess of stain and blood 
at the edges of the cover glass by capillary attraction with a piece of 
gauze. (The thinner the preparation, the easier the count.) 

(c) Ring the cover glass preparation with vaseline, and let it stand 
for 5 to 10 minutes. 

(d) Examine under oil immersion lens. 

(e) Count 1,000 R.B.C., 200 in the*center and 200 in each of the 
four corners of the cover glass preparation. 

(f) Note the number of red cells that have purplish granules or 
strands of reticulum. : 

(g) The number of cells with granules or reticulum divided by 10 is 
the percent of reticulocytes. 

(h) Normal counts: 2 to 20 reticulated R.B.C. per 1,000 or 0.2 to 
2.0 percent. 

d. ALTERNATIVE Metuops. (1) A drop of blood on a clean cover 
glass is touched with cresyl blue (1 percent solution in physiologic saline 
solution) on the end of a toothpick so that the blood becomes blue. 
A blood smear is then made in the usual manner, stained with Wright’s 
stain, and mounted on a slide. 

(2) Cover glasses may be prepared by pulling smears of a 0.3 per- 
cent alcoholic solution of cresyl blue on scrupulously clean cover glasses. 
The excess dye is drained off by allowing the cover slip to stand tilted 
on one edge, and the preparation is allowed to dry in this position. The 
stained cover glasses are then gently polished with clean linen to remove 
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the excess of stain. On these prepared cover glasses, blood smears are 
made in the usual manner from the finger-prick blood of the subject, 
and counterstained. with Wright’s stain after drying. 

(3) Cover slips prepared as described above may be used in making 
fresh blood preparations. 

e. CoMMENTs. (1) Counting is greatly facilitated by putting into the 
ocular of the microscope a screen of stiff paper or cardboard in the 
center of which a small rectangular hole has been cut. In this way the 
size of the field is reduced. 

(2) Red cells covered with precipitated stain should not be confused 
with reticulocytes. 

75. Platelet Counts 

No method is completely satisfactory because platelets tend to aggluti- 
nate and to disintegrate readily. When blood is obtained from the finger 
it is important that the finger be perfectly clean. If the skin is rough, 
a thin coat of vaseline may be applied and the puncture made through 
this. If venous blood is employed, the needle should be extremely sharp, 
and the syringe scrupulously clean. 

a. Drrect Meruop. (1) Materials. The following materials are 
needed : 

(a) Platelet solution which is prepared as follows: 


PMU OHI coe ke cnn Orta ok gawk 4 are bcd ws foe eae ws 3.8 gm 
Formaldehyde (neutral 40 percent solution)............... 0.2*¢c 
pe Mreant Chen IER 61.5 oo, cats OS aaa ole bb's the ceed 0.1 gm 
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This should be kept in a glass-stoppered bottle in an ice box when nor 
in use. It must be filtered each time before use, and blank counts on the 
solution should be made at intervals, to discover the presence of bacteria, 
molds, or plateletlike bodies. Sometimes it will be found that solutions 
which have stood for a time cause hemolysis of red cells. Such solutions 
should be discarded. The hemolysis is usually produced by formic acid, 
formed by the oxidation of formaldehyde. 

(b) Red-cell pipette, and counting chamber. 

(2) Procedure. (a) A red-cell pipette is filled with the platelet solu- 
tion, which is immediately expelled. A film of fiuid, which tends to 
prevent the platelets from sticking to the glass, is thus left inside the 
pipette. 

(b) Blood is drawn to the 0.5 mark, and platelet solution is then 
drawn to the 101 mark. 

(c) The pipette is mixed as for a red-cell count, and the counting 
chamber is filled in the usual manner. If not examined immediately, 
the counting chamber is placed in a petri dish or similar container in 
which has been placed a small, moistened piece of filter paper, to pre- 
vent evaporation. 
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(d) Platelets appear as small, round or oval, refractile, slightly bluish 
bodies, lying singly or in clumps. Usually they are one-eighth to one- 
fourth the size of red cells. 

(e) The count is made under the high-dry lens in the central, finely 
ruled portion of the counting chamber. All platelets seen in the 25 
groups of 16 small squares (new type chamber) are counted, and this 
value is multiplied by 200 to give the number per cubic millimeter. 

(f) The pipette and counting chamber must be scrupulously clean 
and particles of dust or precipitated stain should not be mistaken for 
platelets. 

(3) The normal platelet count with this method is 200,000 to 300,000 
per cubic millimeter. 

b. Inpirect MetHop (Fonto’s). (1) Materials. The following ma- 
terials are required: 

(a) Equipment for finger puncture. 

(b) Equipment for red-cell count. 

(c) Clean slides. 

(d) A 14 percent aqueous solution of magnesium sulfate. 

(e) Wright’s stain. 

(2) Procedure. (a) Puncture the finger, and place a drop of the 
magnesium sulfate solution over the puncture before the blood begins 
to flow. 

(b) Allow the blood to flow into the drop until the proportion is 
about 1 part of blood to 4 parts of solution. 

(c) Place this drop on a clean slide and make a thin smear. 

(d) Stain the smear with Wright’s stain, and examine under the oil- 
immersion lens. 

(e) Count 1,000 red cells, noting the number of platelets. 

(f) Calculate the number of platelets per cubic millimeter by multi- 
plying the number seen in counting 1,000 red cells by the red-cell count 
divided by 1,000. 

(3) The normal platelet count by this method is 200,000 to 500,000 
per cubic millimeter. 


76. Bleeding Time 
The bleeding time is the time that it takes the blood to stop flowing 
from a measured cut in the finger or ear. 

a. MarerRIALs. Finger-puncture equipment, filter paper, and a watch 
are needed. 

b. Procepure. (1) Make a finger-puncture or, more conveniently, 
an ear-lobe incision sufficiently deep so that a drop of blood 2 mm in 
diameter appears without any squeezing; note the time of incision. 

(2) Take a piece of smooth filter paper and blot off the drop every 
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30 seconds (no manipulation of the part is permitted). Just the tip of 
the drop should be touched with the filter paper. 

(3) The interval between the time of incision and that of the fast 
drop is considered the bleeding time. 

(4) The normal bleeding time is 1 to 3 minutes. When bleeding con- 
tinues longer than 10 minutes, the bleeding time is seriously prolonged. 


77. Coagulation Time (Howell Method, Modified by Lee and 
White) 

a. PRINCIPLE. Venous blood is placed into tubes of standard diameter 
and the time at which the tubes can be inverted without spilling the 
blood is noted. Errors in technic tend to hasten coagulation. 

b. MATERIALS. Venipuncture equipment, three Wassermann tubes, 
and a watch are required. 

c. Procepure. (1) The sterile syringe, with needle attached, is rinsed 
out with sterile physiologic salt solution, and all the air expelled, so that 
the dead space in the needle and tip of the syringe is filled with salt 
solution and not with air, since the latter tends to hasten coagulation. 

(2) The needle must enter the vein cleanly at the first attempt, since 
an admixture of tissue juice hastens coagulation. 

(3) The needle must fit tightly, and care should be exercised in fill- 
ing the syringe not to use too vigorous suction, so that no air bubbles 
pass through the blood. 

(4) Use test tubes of about 8 mm diameter, and place about 1 cc of 
blood in each. 

(5) Three tubes should be set up; one is tilted slightly at 30-second 
intervals to test for coagulation, the others being allowed to stand undis- 
turbed until coagulation has occurred in the first tube. Then the second 
tube, and finally the third is tilted until coagulation has occurred. 

(6) The time is counted from the time the blood enters the syringe 
until the blood in the last tube has coagulated. 

(7) The normal coagulation time is 6 to 12 minutes. If the coagula- 
tion time seems to be prolonged, it is best to carry out a control test 
with blood from a person known to be normal. 


78. Clot-retraction Time 


a. A tube in which the coagulation time was determined should be 
set aside to observe the length of time required for the clot to retract, 
the clot being gently loosened from the sides of the tube. 

b. Observe at the end of each hour for 6 hours, and at intervals of 
6 to 12 hours thereafter. 

c. Record the elapsed time until the clot has retracted and a clear 
area of serum has become visible. 
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d. Under these conditions the clot normally retracts completely with- 
in 18 to 24 hours after it is formed. Delay in retraction, or failure of 
the clot to retract, is usually associated with a decrease in platelets. 


79. Prothrombin Time 


a. Quicx’s Metuop. (1) Principle. The method is essentially an 
improvement on Howell’s prothrombin test; tissue extract (brain emul- 
sion) is added to the plasma to eliminate differences in clotting time as 
the result of variations in the thromboplastin content. The test is car- 
ried out at 37° C. and a fixed amount of calcium is added. 

(2) Materials. The following materials are needed: 

(a) M/10 sodium oxalate solution. This is made by dissolving 1.34 
gm of anhydrous, pure sodium oxalate in 100 ce of distilled water. 

(b) M/40 calcium chloride solution. This is made by dissolving 0.28 
gm of anhydrous, chemically pure calcium chloride in 100 cc of distilled 
water. 

(c) Thromboplastin. This is made from rabbit brain and can be pur- 
chased commercially. To prepare thromboplastin locally, the brain of a 
freshly killed rabbit is freed of the larger superficial blood vessels and 
macerated under acetone. The acetone is poured off and the process 
twice repeated with fresh acetone. The granular residue is then spread 
in a thin layer on a piece of plate glass and thoroughly dried at 37° C. 
It should be evaluated for thromboplastic activity before storage by the 
method employed in the routine test. The dried thromboplastin may be 
preserved in lots of 0.3 gm in small glass vials that are evacuated and 
sealed. An alternative method of preservation which insures stability of 
the thromboplastin for 6 to 9 months, is to mix 0.3 gm of the dried 
thromboplastin with 4.9 cc of 0.85 percent sodium chloride solution and 
0.1 cc of 1.34 percent sodium oxalate solution. The mixture is added 
to a suitably stoppered test tube or vial and placed in the freezing com- 
. partment of the refrigerator. It is left in the frozen state until needed. 
To prepare the thromboplastin solution for use: 

1. Frozen extract is placed in an incubator or water bath at 37° 
C. for 10 minutes and centrifuged slowly to throw down the 
coarse particles. 
2. 0.3 gm of the dried powder extract is mixed with 5.0 cc of 
0.85 percent sodium chloride solution containing 0.1 cc of 
1.34 percent, sodium oxalate solution, and incubated for 15 
minutes at 50° C. The mixture is centrifuged as above. 
The milky supernatant fluid is used for the test in each instance. 
(d) Venipuncture equipment. 
(e) Chemical pipettes, 1-cc size, measuring 0.1 cc quantities. 
(f) Dry, clean test tube (13 by 100 mm), 
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(qg) Water bath at 37° C. 

(h) Stop watch or clock. 

(7) Centrifuge. 

(3) Procedure. (a) Four and one-half cubic centimeters of blood, 
withdrawn rapidly and with special precaution to avoid trauma, is 
promptly and thoroughly mixed with 0.5 cc of M/10 sodium oxalate and 
centifuged at low speed for 5 minutes. 

(6) Of this plasma, 0.1 cc is transferred to a dry, clean test tube and 
mixed gently with 0.1 cc of thromboplastin solution; the mixture is 
warmed in the water bath. 

(c) One-fourth of a cubic centimeter of M/40 calcium chloride is 
added, and the tube quickly shaken. 

(d) A stop watch or clock is started at the instant the calcium chlo- 
ride is added, and the exact time required for the formation of a firm, 
semisolid clot is recorded. 

(e) In order to determine the second at which the clot is developed, 
the tube should be tipped every few seconds. 

(f) The clotting of normal plasma varies, according to the activity 
of the thromboplastin used, between 10 and 25 seconds, and in reporting 
the result, the clotting time of normal plasma should always be given. 
Spontaneous bleeding ordinarily does not occur until the value becomes 
as high as 40 or more seconds. 

b. Bepsipe MEeTHop (ZIFFREN ET AL.). (1) Materials. The follow- 
ing materials are required: 

(a) Thromboplastin solution, as prepared above. 

(b) Serologic test tubes (10 by 75 mm), marked on the sides to indi- 
cate 1 cc. 

(c) Venipuncture equipment. 

(d) Stop watch. 

(2) Procedure. (a) Place 0.1 cc of thromboplastin into a test tube. 

(6) Draw blood into a clean, dry syringe, and place enough blood into 
the test tube to reach the 1.0-cc mark. 

(c) Invert the tube over the finger once or twice, then tilt gently 
every second or two, noting the time when clotting takes place. 

(d) Comparison should be made with the time required for the clot- 
ting of normal blood treated in the same manner. 

(e) The results are expressed as percentages of normal, the clotting 
time of normal blood being divided by that of the patient’s blood and the 
quotient being multiplied by 100. 

(3) Precautions. (a) It is best to use a grade of thromboplastin that 
causes clotting in 25 to 50 seconds. If clotting is more rapid than this, 
accurate measurement of time is difficult. 
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(b) The vein should be punctured quickly, and the blood should be 
transferred promptly from the syringe to the test tube. 


80. Fragility Test 


a. PRINCIPLE. Venous blood is mixed with various strengths of 
hypotonic sodium chloride solution, and the strengths of the solutions in 
which hemolysis begins and is complete are noted. 

b. Materrats. The following materials are needed: 

(1) Venous blood. 

(2) A 0.75 percent aqueous solution of sodium chloride made from 
salt that has been weighed after it has been dried. 

(3) Test tube rack, eighteen 10- by 100-mm test tubes, two 5-ce pip- 
ettes calibrated to 0.1 cc, and one 1-cc pipette calibrated to 0.1 ce. 

c. PRocepuRE. (1) Place test tubes in rack and label with even num- 
bers, from left to right, starting with “48,” and ending with “14.” 

(2) Into the first tube, measure 4.8 cc of sodium chloride solution, 
into the second 4.6 cc, and so on in amounts corresponding to the num- 
ber of the tube. 

(3) To each tube add the amount of distilled water required to bring 
the contents of each test tube to 5 cc, that is, 0.2 cc into the first tube, 
0.4 cc into the second, etc. 

(4) Mix the contents of each tube thoroughly. 

(5) Exactly 0.2 cc of well-mixed blood is measured into each tube, 
and the tubes are gently shaken to insure perfect mixing. 

(6) The tubes are set aside for at least 2 hours, preferably overnight, 
in a refrigerator, and then the point of beginning hemolysis and the 
point of complete hemolysis are read. 

(7) The first tube showing a tinge of red in the supernatant fluid 
indicates the point of beginning hemolysis. The first point at which no 
corpuscular residue is seen at the bottom of the tube, or no clouding 
occurs on shaking the tube, is the point of complete hemolysis. 

(8) The strength of salt in each tube is determined by multiplying 
the number of the tube by 1.5. 

(9) If jaundice is present, a control tube is prepared in which 0.2 cc 
of blood is placed in 5 cc of physiologic saline solution. 

(10) If larger numbers of tests must be performed, time can be saved 
by preparing stock’solutions containing the proper strengths of sodium 
chloride. If these are used, 5.0 cc of each solution is pipetted into the 
desired tube of the series. 

d. INTERPRETATION. (1) Hemolysis in normal blood begins at 0.45 
to 0.39 percent, and is complete at 0.36 to 0.30 percent. 

(2) Unless hemolytic jaundice is suspected, it is not necessary to pre- 
pare all 18 tubes, since the strengths of saline in the first few tubes are 
high. Usually the first 4 tubes may be omitted, for even then the first 
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tube (“40”) contains 0.60 percent sodium chloride. Similarly the last 
2 tubes (“16” and “14”) may usually be omitted. 


Section Il. HUMAN BLOOD GROUPS 


81. lsoagglutinogens and Isoagglutinins 
Two isoagglutinogens in human red blood cells and two corresponding 


isoagglutinins in human plasma determine four blood groups. The ag- 
glutinogens are designated A and B, and the blood groups are named 
according to the presence or absence of these agglutinogens in the red 
cells. Group O, pronounced as the letter “O,” indicates the absence of 
both agglutinogens, group A the presence of agglutinogen A, group B 
the presence of agglutinogen B, and group AB the presence of both 
agglutinogens. When an agglutinogen is present in the blood cells the 
corresponding agglutinin must be absent from the serum, whereas if an 
agglutinogen is absent from the cells the corresponding agglutinin is 
always present in the serum. The agglutinins are designated: anti-A 
or alpha (a) and anti-B or beta (8). The following table shows ‘the 
relation between agglutinogens and agglutinins: 


Table IV. Relation between agglutinogens and agglutinins 


Agglutinogens Agglutinins in serum 
Group in cells or plasma 
(3) REDO NSI Saas Nia Mesh beep Sg See Nea OO Nonen oe Anti-A and anti-B 
J, oan SS TS aT ga Nicer pag ee AN Neer ay We Sac ea eine i Anti-B 
13 SNES SS Baia ei ie elie ae et Bo ee ae Sere Anti-A 
1 SELVES RE Sn a ArandiBes cece ors None 


82. Nomenclatures 

The use of different systems for designating the blood groups, as suc- 
cessively recommended by Landsteiner, Jansky, and Moss, formerly led 
to much confusion. That confusion is now eliminated by the universal 
adoption of the system called the International Nomenclature. The fol- 
lowing table shows the relation between the various nomenclatures, but 
the use of numbers for designating the blood groups is to be discouraged. 


Table V. Blood group designations 


- Nomenclature Approximate distribution among 
white individuals in U.S. A. 
International Jansky Moss (Percent) 
2) TR op a eae PRE ro rss fo Tec ela 44 
5 as et Vin DN aU | ge Sree adits roa Bye! bl Seen, i 38 
j See eR ca Be Rape a et 1115 (pols rat ae aa GL Aleta sais 14 
4 3 Reese a en mice ag EVse eee del been Eyed 4 
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83. Application 

a, The major practical application of blood grouping is in its rela- 
tion to blood transfusion. Transfusions are safe if recipient and donor 
belong to the same blood group or if proved group O blood is used. 
(See par. 90.) Transfusions are given to replace lost blood and to com- 
bat shock, and in the treatment of certain blood diseases, anemias, and 
infections. 

b. Blood grouping is an essential aid to the selection of donors for 
transfusion. However, it should not be relied on solely except when the 
emergency is so great that cross-matching cannot also be carried out. It 
must always be remembered that even if the donor and recipient belong 
to the same group, intragroup incompatibility may exist, and this cannot 
be detected by simple blood grouping. Errors in grouping will occur if 
weak or deteriorated grouping serums are used. Furthermore, the blood 
group designated on identification tags should be accepted only as a pre- 
liminary grouping to simplify selection of donors for regrouping and 
cross-matching. Only in extreme emergency should blood grouping alone 
be considered sufficient for selection of donors for transfusion. (See 
pars. 89 and 90.) 

c. Transfusions of incompatible blood may result in dangerous or even 
fatal reactions. This is due to the interaction between substances in the 
plasma (isoagglutinins or isohemolysins) and corresponding factors in the 
red cells (isoagglutinogens). This causes the cells to clump (aggluti- 
nate) or dissolve (hemolyze), or both. This danger is greatest if the 
red cells of the donor are agglutinated (or hemolyzed) by the plasma 
of the recipient. When this set of conditions is found to exist, the donor 
must never be used. If, however, the test shows only that the cells of the 
_Tecipient are agglutinated by the plasma of the donor, there is far less 
danger. Under such conditions thousands of transfusions have been car- 
ried out successfully because the donor’s plasma is generally diluted in 
the recipient’s circulation beyond its agglutinating strength. Also, the 
donor’s blood is usually transfused so slowly that there is time for its 
agglutinins to be rendered harmless. As a matter of fact, the transfusion 
of such bloods is dangerous only when the titer of incompatible isoagglu- 
tinins in the donor’s blood is exceptionally high, and especially so if the 
patient to be transfused is very anemic. Dangerously high-titered iso- 


agglutinins can be detected by a simple procedure outlined in paragraph 
906. 


84. Universal Donors and Recipients 

a. The donor should belong to the same group as the recipient except 
that, as previously noted, at times proved group O persons may act as 
universal donors and patients of group AB as universal recipients. (See 
par. 90.) ° 
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b. As indicated in table IV, the plasma of AB bloods does not contain 
either anti-A or anti-B agglutinins. Therefore, the red cells of any 
donor, regardless of their agglutinogen content, are compatible for re- 
cipients belonging to this group. It is for this reason that group AB 
patients are designated universal recipients; such recipients can, as a 
rule, safely receive blood from donors belonging to other groups. 

c. It will also be seen from the table that the red cells in group O 
blood do not contain either agglutinogen A or B. Therefore, the red 
cells in these bloods are not acted upon by incompatible isohemagglutinin 
in the plasma of recipients belonging to any of the three other groups. 
It is on this basis that persons of group O are designated universal don- 
ors; they can serve as donors to patients of any of the other three groups 
and, of course, also to patients of the same group. 


85. Determination of Blood Groups 

a, REAGENTS AND EQurpMENT. (1) The only reagents required for 
blood grouping are specific and potent agglutinating serums. (See par. 
93.) With satisfactory serums, fairly complete agglutination should be 
visible to the naked eye within 15 to 20 seconds. The activity of group- 
ing serums should be checked at weekly intervals against known A and 
B cells to avoid the use of deteriorated serums that may become too 
weak to group all bloods properly. 

(2) The equipment required is as follows: glass slides ; wooden appli- 
cators or toothpicks; wax pencils; capillary pipettes fitted with rubber 
bulbs or hypodermic syringes fitted with 24-gauge needles; small test 
tubes (8x75 mm); 4 percent sodium citrate; physiologic saline solu- 
tion (0.85 percent sodium chloride) ; microscope and centrifuge. 

(3) Ifa microscope or centrifuge is not available, grouping and cross- 
matching can be carried out by the macroscopic slide technic outlined in 
paragraph 86. 

b. Cuoice or Metuops. Blood grouping or cross-matching, or both, 
can be carried out by a slide method or by a centrifuge test-tube method. 
It is seldom feasible, under military conditions, to group bloods by the | 
test-tube method. On the other hand, it is desirable, when possible, to 
use the test-tube method for cross-matching. The centrifuge test-tube 
method is outlined in detail in paragraph 89b. For mass grouping technic, 
see paragraph 88. 


86. Slide Method 
The test is made as follows: 

a. Divide a slide equally with a wax pencil. 

b. Place the subject’s initials or number in the lower right-hand cor- 
ner of the slide, the letter “A” in the upper left-hand corner, and the 
letter “B” in the upper right-hand corner, as indicated in figure 13. 
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c. The blood should be collected preferably by venipuncture (5 cc) ; 
if this is not feasible, it may be obtained by deep puncture of a finger 
or earlobe (0.5 to 1.0 cc). Cleanse the site from which the blood is to 
be obtained with alcohol, and allow to dry. The blood is placed in tubes 
containing citrate solution in an amount approximately equal from 1/5 
to 1/10 of the volume of the blood drawn. 

d. A red-cell suspension is prepared by mixing 1 drop of the citrated 
blood with about 1 cc of saline solution. With normal blood this 
gives a cell suspension of approximately 2 percent. With anemic pa- 
tients, more blood should be added, to make a suspension matching in 
color to that of the donor’s. Mark the tube containing the recipient’s 
blood “RC” (recipient’s cells), and that containing the donor’s blood 
“DC.” Save the remainder of the blood collected for cross-matching. 


Group "O" 
Group "A" 
Group "B" 


Group "AB" | 


Figure 13. Blood groups. (Fine dots represent no clumping (negative reaction). 
Massed dots represent agglutination (positive reaction)..) 


e. Place 1 drop of cell suspenion on each half of the marked glass 
slide. 

f. Place 1 drop of A (anti-B) serum on the left side of the slide and 
1 drop of B (anti-A) serum on the right side of the slide. 

g- Mix well with a wooden applicator or toothpick (separate end for 
each side), rock the slide manually 5 to 10 seconds to insure thorough 
mixing, then allow to stand for 5 to 10 minutes, tilting a few times about 
once every minute. 

h. In warm climates where the slide preparation is apt to dry up, it 
should be kept in a moist chamber during the period of observation. (A 
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Table VI. Blood group reactions 


Clumping of unknown Clumping of known 
: cells with . cells with 
nown serums Agelutinogens unknown plasma Agglutinins eros 
in cells — in plasma P 

A B A B 

ee ox None are + Anti-A and anti-B O 
& a A ~ + | Anti-B A 
a: a B + — | Anti-A B 

+ + A and B = See None AB 
-+ Clumping. — No reaction. 


moist chamber can be made by placing pledgets of wet cotton under petri 
dishes or glass trays. If the use of a moist chamber is impracticable, the 
addition of 1 drop of saline solution to each side of the slide after about 
5 to 10 minutes’ standing usually prevents drying). 

1. The reactions are read with the naked eye, and negative reactions 
under the low power of the microscope, if one is available. In a posi- 
tive reaction the cells are stuck together in clumps usually visible to the 
naked eye. The interpretation of the grouping tests is shown in figure 
13 and in the left-hand half of the list of reactions. 


87. Confirmation of Grouping by Testing of Plasma 


When time permits, and preferably as a routine, the following confirm- 
atory test on the plasma of the individual being grouped should be car- 
ried out. This is essential for the certification of universal donors. (See 
par. 90.) 

a. Divide a slide in halves with a wax pencil and mark the left side 
“AC” (group A cells) and the right side “BC” (group B cells). 

b. On the left half of the slide place a drop of fresh known group A 
cell suspension; on the right half place a drop of known group B cell 
suspension. 

c. Add 2 drops of plasma to each side of the slide, and mix each by 
stirring with a separate applicator or toothpick. 

d. Observe the slide for at least 20 minutes, tilting it back and forth 
at 2- or 3-minute intervals, and then examine for agglutination. 

(1) If it is difficult to distinguish between true agglutination and 
rouleaux-formation (par. 91), stir again with an applicator. This will 
usually break up rouleaux into a uniform suspension. 

(2) If hemolysis occurs this is due to complement present in the 
fresh plasma. The complement in the plasma must be inactivated by 
heating at 56° C. for 20 to 30 minutes and the test repeated. 
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(3) The scheme of identification of blood groups from the reaction 
of unknown plasma and known cells is given in the right-hand half of 
table VI. 


88. Mass Groupings 


a. When large numbers of persons are to be grouped in a relatively 
short space of time (500 or more per day), certain modifications of the 
technic just described are necessary, which are as follows: 

(1) For the sake of expediency the test should be done on glass slides. 

(2) The slides should have the left and right halves marked “A” and 
“B” in advance, as indicated in paragraph 86). 

(3) A team of three persons should work simultaneously at a table. 
The personnel to be grouped file past one by one. Accurate blood group- 
ing can be done at the rate of about 60 to 90 per hour. The three mem- 
bers of the grouping team may be designated as X, Y, and Z. 

(4) X cleanses and punctures the finger as described above. (See 
pars. 60 and 86c.) He places a small drop of whole blood, the size of 
a pinhead, on each side of one of the slides by touching the drop to the 
slide as it forms (the use of too large a drop may obscure and delay the 
agglutination reaction.) He numbers the slides serially with a wax 
pencil. To the left-hand slide he adds 1 drop of A (anti-B) serum, and 
to the right-hand half 1 drop of B (anti-A) serum. He mixes each 
with a toothpick or applicator, rocks the slide for 10 to 20 seconds, and 
makes a preliminary reading, which is recorded by Z. 

(5) The individual being grouped has, in the meantime, passed to 
member Y, who independently repeats the test, but uses grouping sera 
from different bottles. He also makes a preliminary reading, which is 
likewise recorded by Z. 


(6) Both X and Y pass their slides to Z, who rocks them a few - 


times—about once every 5 minutes—and retains each slide until 30 min- 
utes have elapsed. This is important to insure that weak subgroups of 
A, particularly of AB, do not escape detection. 

(7) In case of discrepancy between the results of the tests carried 
out by X and Y, or between the readings and the group given on the 
person’s identification tag, if any, he should be recalled for regrouping 
later, when enough blood is taken for plasma, as described in paragraphs 
90, 51, 86c. Then both cells and plasma should be tested. (See pars. 
86 and 87.) 

(8) Member Z discards the old slides for washing after the lapse of 
30 minutes, at the same rate that new ones accumulate. He keeps records 
in a book ruled with seven columns; individual’s name and number, 
group from identification tag (if any), preliminary reading by X, final 
reading of X’s slide by Z, preliminary reading by Y, final reading of Y’s 
slide by Z, and final grouping. 
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b. The method described above is reliable only if the serums are of 
high potency, the size of the drop of blood is small (about the size of a 
pinhead), and the grouping serums are added before the blood has a 


chance to dry. 


89. Cross-matching 


a. After a donor belonging to the same blood group as the patient 
has been selected, the cross-matching test must be performed before the 
transfusion is given. In rare cases the bloods of donor and recipient. 
even though of the same group, are not compatible—that is, there is some 
agglutination or hemolysis of the donor’s cells by the patient’s serum (or 
plasma) or of the patient’s cells by the donor’s serum (plasma). 

b. The cross-matching test is done as follows: 

(1) For the test, use the citrated blood samples obtained from the 
donor and recipient. (See par. 86c.) 

(2) Separate the plasma and cells of both donor and recipient by cen- 
trifugation or sedimentation. 

(3) Prepare two small test tubes, one marked “DP/RC” and the other 
“RP/DC.” In the first, place with a capillary pipette or syringe and 
needle, 1 drop of the donor’s plasma (DP) and 1 drop of the recipient’s 
cell suspension (RC), using a different pipette or syringe for each re- ~ 
agent. (If only a single pipette is available, it should be rinsed twice 
with saline solution before taking up another reagent.) In the other tube 
place 1 drop of the recipient’s plasma (RP) and 1 drop of the donor’s 
cell suspension (DC). Mix, centrifuge at low speed for 1 minute, then 
resuspend by gently shaking. If the reactions seem to be negative (the 
cells resuspend to an even suspension), examine a drop on a slide under 
the low power of the microscope. 

c. If no centrifuge is available, the cross-matching may be done on a 
slide by the following alternative procedure: 

(1) Divide a clean slide as for the standard grouping test and mark 
the left side “DP/RC” and the right side “RP/DC”. 

(2) Place 1 drop of donor’s plasma (DP) on the left side and 1 drop 
of recipient’s plasma (RP) on the right, using different capillary pipettes 
(or syringes and needles) for each transfer. 

(3) The remainder of the test is done in the same manner as for the 
standard grouping (par. 86), except that it is necessary to observe the 
tests for a longer time. Any agglutination evident within 20 to 30 min- 
utes should disqualify the donor and another should be tried until one 
is found whose blood gives no trace of agglutination. This is especially 
true when there is any agglutination of the donor’s cells by the recipi- 
ent’s plasma. Since the slide cross-matching test requires long observa- 
tion, precautions to avoid drying should be observed. (See par. 86h.) 
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90. Selection of Universal Donors 

a. Donors belonging to group O are often used as universal donors 
because their cells are not ordinarily agglutinated by the serum of any 
of the other three groups. Rarely, however, group O persons are en- 
countered with such potent isoagglutinins that the dilution of their 
serum in the patient’s circulation may not suffice to prevent a hemolytic 
reaction. Preferably only those group O persons should be used as uni- 
versal donors whose serums have been shown not to have excessively 
high titers of isoagglutinins by actual titration. (See b below.) In an 
emergency, any donor certified as belonging to group O, as proved by 
complete tests on cells and plasma, may be used provided that the blood 
is transfused slowly. 

b. The test to establish the acceptability of a universal donor is as 
follows: 

(1) Prepare a 1:50 solution of plasma by adding 0.1 cc of plasma to 
4.9 cc of saline solution. 

(2) Place 1 drop of the diluted plasma on a slide and add 1 drop of 
the patient’s cell suspension. Mix well with a wooden applicator or 
toothpick and observe the mixture for about 10 minutes, tilting the slide 
about once a minute. 

(3) If no or only weak agglutination occurs within 10 minutes, the 
titer of incompatible agglutinins is not excessively high and the donor 
may therefore be used. If agglutination visible to the naked eye occurs, 
the donor should not be used. It is well to mention that group O patients 
who have previously received transfusions of pooled plasma not infre- 
quently develop a dangerously high isoagglutinin concentration. 

c. The use of a universal donor does not obviate the need for cross- 
matching tests (par. 89), although, in an emergency, these tests may be 
omitted if certified group O blood is used. This procedure. is particu- 
larly safe if the donor is known to have weak isoagglutinins in the 
plasma and is Rh—. (See par. 95.) 


91. Sources of Error in Grouping 

a, GENERAL. Fresh plasma may rarely give hemolysis instead of ag- 
glutination, especially in warm climates. Hemolysis is more frequently 
observed when fresh serum is employed. Care should be taken not to 
read this as a negative reaction. Another source of confusion, namely, 
pseudoagglutination, is discussed in } below. 

b. PSEUDOAGGLUTINATION. In many patients with rapid sedimenta- 
tion rates due to severe sepsis or other causes, rouleaux formation may 
be confused with true agglutination when grouping the patient’s plasma 
with known cells or when cross-matching with the donor’s blood cells. 
Rouleaux formation can often be recognized under the high-dry power 
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of the microscope by the appearance of loose clumps of red cells with 
their flat surfaces in contact to resemble stacks of coins. Pseudoagglu- 
tination should be suspected whenever unexpected clumping is encoun- 
tered and is almost certainly present if the patient’s cells suspended in 
his own plasma show a similar phenomenon. However, a rouleaux for- 


mation is usually broken up by stirring, a procedure that, as a rule, 
intensifies true agglutination. 


92. Preparation of Grouping Serums 

a. GENERAL. (1) Occasionally an emergency arises when grouping 
serums are badly needed and none are at hand. Strong B serum is dif- 
ficult to obtain because of the scarcity of group B donors in general. 
It is wise, therefore, always to have an «1p-to-date list of donors among 


the local detachment, with a note as to the strength of the reaction in 
each case. 


(2) Choose a person of the desired group whose serum is known to 
have potent isohemagglutinin (par. 93) and take the blood by venipunc- 
ture. Enough serum can be obtained from 30 to 50 ce of blood to last 
over almost any emergency. Serum that must be used immediately or 
within 1 to 7 days after collection should be inactivated by heating in 
a water bath at 56° C. for 30 minutes, to avoid hemolysis which may 
mask agglutination. Reasonable care should be taken to maintain asepsis 
while drawing the blood and separating the serum, because sterile serum 
will retain its full strength for a long time. 

b. CoLLEcTION oF Boop. It has been found best to collect the blood 
in sterile stoppered centrifuge tubes or bottles. Allow the blood to clot 
and. then shake the containers gently but sufficiently to break up the clot 
so that the greatest possible yield of serum can be obtained. 

c. SEPARATION OF SERUM. Centrifuge the containers of blood at 
1,500 to 2,000 rpm to separate the serum from the broken clot, or allow 
the serum to separate in the refrigerator overnight. Decant or pipette 
off the clear serum into sterile containers, then recentrifuge, if neces- 
sary, to get rid of the remaining red cells, and decant into sterile con- 
tainers. 

d. PRESERVATION oF SERUM. When possible it is desirable to add 
chemical preservatives to the serums, although in emergencies they may 
be kept for some time without preservatives, especially in the cold. (See 
(3) below.) The addition of dyes and a preservative solution to the 
serums serves both to minimize bacterial growth and to facilitate their 
identification. 

(1) Preserving and coloring group A serum. (a) Have ready a 1 
percent aqueous solution of neutral acriflavin and a 1 percent aqueous 
solution of phenylmercuric nitrate or borate or Merthiolate. 
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(b) To each cubic centimeter of clear group A serum add 0.015 cc 
of acriflavin solution and 0.01 cc of preservative solution. 

(c) Mix thoroughly, store in 2- or 5-cc sterile vials sealed with rub- 
ber stoppers, and keep in the refrigerator when not in use. 

(2) Preserving and coloring group B serum. (a) Have ready a 1 
percent aqueous solution of brilliant green. 

(b) To each cubic centimeter of clear group B serum add 0.01 cc of 
the brilliant green solution, and 0.01 cc of the preservative solution. 

(c) Mix and store as for the group A serum. 

(3) If long preservation is desired, store the serums in the frozen 
state in small quantities, for example, 1 to 5 cc. The frozen serums are 
thawed as needed. 


93. Criteria for Selection of Potent Grouping Serums 

a. GENERAL. The criteria for the selection of potent grouping serums 
depend on biologic reactions and are consequently subject to considerable 
variation. General methods are employed in various laboratories for 
selecting grouping serums. All these methods are subject to variations 
in sensitivity of test cells; probable variations in properties of the ag- 
glutinins in the serum, the protein concentration employed, the intrinsic 
stability of the preparations, and probably other factors still unknown. 

b. MetHops. (1) Group A serum (anti-B). (a) Minimal titer. 
Prepare a 1:16 dilution of the serum by mixing 0.1 cc of serum with 
1.5 cc of saline solution. Mix one drop (0.05 cc) of the diluted serum 
on a slide with one drop (0.05 cc) of a group B fresh cell suspension, 
prepared as directed in paragraph 86d. If possible, set up a parallel 
test with a cell suspension from a second person of group B. Mix with 
an applicator or toothpick, agitate by rocking the slide to and fro at 
intervals of 1 minute. The titer of the serum is satisfactory if agglu- 
tination readily visible to the naked eye appears in less than 10 minutes 
with both bloods. 

(b) Speed and intensity of agglutination (avidity). Set up a test 
similar to that described in (a) above, using undiluted serum and rock 
the slide continuously. Agglutination must be visible to the naked eye 
within 15 seconds, and agglutination should be complete within 30 sec- 
onds. 


(c) Specificity. It is recommended that the serum be used to test at 
least 50 bloods taken at random, in parallel with a known serum, with 
satisfactory results, before being considered acceptable. 


(2) Group B serum (anti-A). The test is performed much as for 
group A serum, except that account must be taken of weakly reacting 
A agglutinogens (A, and A,B). 
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(a) Minimal titer. Test as described for group A serum. The 1:16 
dilution should agglutinate A, cells within 10 minutes. 

(6) Speed and intensity of reaction (avidity). Test as described for 
group A serum against two suspensions of cells, at least one of them sub- 
group A,. Distinct clumping should be visible within 60 seconds with the 
A, cells, and within 15 seconds with the A, cells. 

(c) Specificity. Carry out tests similarly to above with 50 bloods taken 
at random, and include, if possible, at least one blood of subgroup A,B. 


94. Identification of A,, As, A,B and A.B Bloods 


a. The simplest method is to use a commercial, absorbed B serum 
(anti-A,), if obtainable. This agglutinates bloods of subgroups A, and 
A,B, but not those of subgroups A, and A,B. The next best procedure 
is to test a series of known group A and group AB bloods with one or 
two weak group B serums. Usually some of the bloods are definitely 
more weakly agglutinated than others. These weakly reacting cells are 
used as A, (or A,B) in the above tests. 

b. Recognition of these subgroups is mentioned here only for the pur- 
pose of selecting grouping serums. Mutual isoagglutination among these 
subgroups is not regarded as a cause of hemolytic reactions. 


95. Rh Factor 


The red blood cells of approximately 87 percent of human subjects, irre- 
spective of their blood groups, contain one or more of the agglutinogens 
collectively designated as “Rh,” related to a similar agglutinogen found 
in the red cells of rhesus monkeys. Apparently there are no naturally 
occurring anti-Rh agglutinins, but the Rh— individuals (13 percent of 
the population) are capable of forming anti-Rh agglutinins. This may 
occur when repeated transfusions of Rh-+ blood are given to an Rh— 
subject or when an Rh— woman bears an Rh+ fetus from an Rh+- 
father. Not all Rh— persons develop demonstrable isoagglutinins under 
these circumstances, but following such isoimmunization, when it occurs, 
the Rh— individual may suffer severe hemolytic reactions when trans- 
fused with Rh+ cells. Manifestations of Rh isoimmunization usually do 
not appear until after several transfusions (a variable number), when 
reactions, usually mild at first, may occur and increase in severity follow- 
ing each succeeding transfusion with Rh+ cells. Manifestations of Rh 
isoimmunization usually do not occur in first pregnancy of the Rh— 
woman, but in pregnancies that occur after isoimmunization is initiated, 
the anti-Rh agglutinins increasingly formed by the mother may cause in 
her Rh-+ infants a disease known as erythroblastosis fetalis. This dis- 
ease is characterized by hemolytic anemia with numerous erythroblasts 
in the blood. 
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96. Application 

In a patient receiving repeated blood transfusions who has had reactions 
to previous transfusions, it is important to rule out Rh iscimmunization 
as a cause of the reactions by Rh typing of the recipient and donor. 
Should any woman with a history of having borne an erythroblastotic 
infant require a transfusion, Rh typing of recipient and donor should be 
done before any transfusion, because in such cases even a first transfu- 
sion may provoke a fatal reaction. In such cases Rh— blood of a com- 
patible regular group can be safely given. 


97. Potent Anti-Rh Testing Serums 

These are obtained most readily from the blood of mothers who have 
borne babies with erythroblastosis fetalis. However, only about 2 percent 
of these mothers yield serum that has a sufficiently high titer for testing 
purposes, and the Rh specificity is not always the same. Before distribu- 
tion for use the testing serum should have had its anti-A and anti-B ag- 
glutinins (if present) neutralized by the addition of group specific sub- 
stances. 


98. Rh Typing 


a. The tests are set up in small test tubes following essentially the pro- 
cedure described in paragraph 89 for grouping by the test-tube method. 
Small, narrow Kahn tubes, with an inside diameter 7 or 8 mm, are satis- 
factory. 

(1) One drop of a fresh 2 percent blood suspension in saline solution 
is mixed with 1 drop of the testing serum in the small test tube, and the 
tube placed in a water bath or air incubator at 37° C. for 1 hour. 

(2) The reaction is read by gross inspection of the undisturbed sedi- 
ment in the tube, noting whether the sediment is smooth and compact or 
rough and diffuse (the latter suggesting that the reaction is going to be 
positive), and by gross and microscopic inspection of the cell suspension 
after gentle shaking. The tube is then centrifuged 1 minute at low speed, 
after which the sediment is again examined in the same way for gross 
evidence of agglutination, and the result rechecked by microscopic ex- 
amination of a drop of the gently resuspended cells on a slide. Any trace 
of agglutination is regarded as a positive reaction. 

b. Control tests should be set up using suspensions of known Rh— and 
Rh-+ blood cells. In any laboratory where these tests are done, the per- 
sonnel should be tested in order to have immediately available blood cells 
of known Rh type for the control tests, and for prospective Rh— donors. 
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CHAPTER 3 
GENERAL CHEMICAL TECHNIQUE 


Section |. TYPES OF CHEMICAL ANALYSES 
99. Qualitative and Quantitative Analyses 


Qualitative analyses are performed on specimens to learn whether cer- 
tain substances are present or absent. Quantitative analyses measure the 
amounts of some or all of the constituents present. The detection of 
sugar or albumin in the urine is a qualitative analysis. The determination 


of the amount of sugar or albumin that is present is a quantitative analy- 
sis. 


100. Types of Quantitative Analyses 
Quantitative analyses may be made in many ways. The methods most 


frequently employed are gravimetric, volumetric, colorimetric, photomet- 
ric, and gasometric. 


a. In gravimetric analysis the constituent sought is separated from 
solution as an insoluble compound of known chemical composition, .or 
is made to react and produce such a compound, which is then dried or 
ignited, and weighed. From the weight of this compound the weight of 
the desired constituent is computed. 

b. In volumetric, or titrimetric, analysis the compound sought is not 
weighed, but is determined by measuring the volume of a solution of 
known concentration that reacts with it. 

c. In a colorimetric method the substance to be measured is either itself 
colored or is made to react with other chemical compounds to produce 
a colored substance. The concentration of the substance is estimated from 
the intensity of the color by matching against a color standard represent- 
ing the substance in known concentration. 

d. Ina photometric method the concentration of a substance in solution 
or suspension is estimated from the percentage of light of specified wave 
length that is absorbed in passing through a known depth of the solution. 
At present, analytical photometry is most frequently applied to solutions 
in which the estimated substance is a colored solute, but it can also be 
applied to solutions in which the rays absorbed are ultraviolet or infra- 
red, and to suspensions. 

e. In a gasometric method the substance sought is either measured as 
a gas, or is made to react and produce a gas to be measured. To estimate 
the amount of gas, one may either bring the gas to atmospheric pressure 
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and note the volume occupied, or may bring it to a definite volume and 
measure with a manometer the pressure which it exerts. From either the 
volumetric or the manometric measurement, together with the tempera- 
ture, the weight of gas can be calculated. Although not an item of stand- 
ard equipment in Army laboratories, the manometric apparatus of Van 
Slyke and Neill is used in many of the larger Army laboratories ; it serves 
to determine the blood gases, and also other constituents, such as urea, 
sugar, calcium, fats, amino acids, and Kjeldahl nitrogen. 


Section Il. ANALYTICAL BALANCE 
101. Range and Use 


a. RANGE AND UsEs oF STANDARD ANALYTICAL BALANCE AND MICRO- 
BALANCE. The standard analytical balance has a capacity of 100 to 200 
gm and is capable of reproducing weighings within 0.1 mg when loaded. 
It is used for gravimetric analyses, for the preparation of primary stand- 
ard solutions, and for other precise weighings. Precision to 0.1 mg re- 
quires the use of standardized weights, and correction for their deviations 
from their marked values. Weights can be obtained with certificates of 
their accuracy specified within certain tolerances or by corrections. Such 
certificates are provided by the Bureau of Standards. Cheaper weights 
can be standardized by comparison with a set of Bureau of Standards 
weights or by methods described in text books. The rider must also be 
of tested accuracy. In “chainomatic’’ balances the weights up to 100 mg 
are replaced by a chain. It is imperative that the chain be tested at 10 
mg intervals by comparison with standardized weights. 


b. With the introduction of microchemical methods there is an increas- 
ing use of the microbalance, which permits weighing several grams with 
a reproducibility of about 0.003 mg. With this balance, samples of 4 or 
5 mg suffice for accurate analysis. The special points of technic in its use 
will not be discussed here, as it is not in general use in the Army. For 
details, see Niederl’s book on microanalysis cited in the appendix. 


102. General Construction and Principle of Balance 

The critically important parts of an analytical balance are the beam and 
knife edges. The beam is a horizontal lever the two arms of which, as 
measured from central to end knife edges, should be exactly equal. At 
the center is a downward pointed knife edge which rests on a plate of 
agate or steel when a weighing is made. Equidistant from the central 
knife edge and exactly parallel thereto are two upward pointed knife 
edges that support the plates of agate or steel from which are suspended 
the stirrups and pans. The three knife edges should lie in the same plane. 
A device, called the arrest, controlled by a knob outside the balance case, 
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serves to bring all supports out of contact with the knife edges when the 
beam is not in use. A pointer, on which there usually is a movable weight, 
and which swings over a fixed scale, is attached to the beam to show its 
position. At one or both ends of the beam there may be small adjustable 
nuts the movement of which serves to equalize the effective weights on 
the two sides. The center of gravity of the beam should lie slightly below 
its support; if it were above its support the beam would be unstable. 
When the freely moving system comes to rest the pointer will be at the 
“rest-point.” If now a small weight is placed upon one pan, that side of 
the beam will tip down, and if the system is again allowed to come to 
rest the pointer will be at a new position determined by the weight of the 
beam, the length of the arms, the weight added to the pan, and the dis- 
tance between the center of gravity and the middle knife edge which 
serves as the point of support.. The center of gravity may be raised by 
raising the weight attached to the pointer arm. This change will increase 
the sensitivity of the balance. (See par. 103.) A plumb bob, or spirit 
level, serves to level the instrament so that the plane in which the knife 
edges lie will be horizontal. A case protects the instrument from dust, 
sudden changes in temperature, and drafts of air. 


103. Sensitivity of Balance 

a. MEASUREMENT OF DEFLECTION SuM. The sensitivity of a balance 
may be expressed by the number of divisions on the pointer scale that the 
rest-point of the pointer is shifted by a weight of 1 mg. In practice, how- 
ever, the sensitivity is more commonly expressed by the change in de- 
flection sum caused by 1 mg. The deflection sum is the algebraic sum of 
the average of the right swings and the average of the left swings of the 
pointer, measured from the zero point on the scale, the swings to the 
right being assigned plus values and the left swings minus values. One 
mg changes the deflection sum twice as much as it changes the rest-point. 
For example, assume that when no loads are placed on the pans, the rest- 
point as indicated by the pointer is at the zero point of the scale. Now, 
if adding 1 mg to the right pan causes the pointer to begin oscillating 
between 0 and —5 on the scale the deflection sum is —5, but the point of 
final rest will. be —2.5. In contemporary usage the sensitivity of this 
balance would be expressed as 5, rather than 2.5. If the ends of the 
beam are lower than the middle, or if the beam bends significantly when 
loaded, the sensitivity will decrease when the loads increase. The sensi- 
tivity of the balance should be determined with loads covering the range 
of its use, as between 0 and 100 grams. If the sensitivity varies with the 
load, make a table or graph showing sensitivity versus load, for use in 
future weighings. ; 


b. Exampte. The following example illustrates a determination of the 
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Sensitivity with a load of 10 grams, and the technic of measuring the 
deflection sum: A 10-gram weight is placed on each pan, and the swings 
of the pointer are counted. The first 2 or 3 swings are let pass before 
the counting is begun, as the first swings may not be regular. Then an 
odd number of swings is counted: +4.2, —2.5, +4.0, —2.3, +3.8. The 
average of right swings is +4.0 and of left swings —2.4. The deflection 
sum is therefore +1.6. The rider is now placed at 1 mg and the swings 
are again counted: +1.2, —4.5, +1.0, —4.3, +0.8. The deflection sum 
is now —3.4. One mg has changed the deflection sum from +1.6 to 
—3.4, or 5.0 divisions. The sensitivity is therefore 5.0 divisions when 
the balance has a 10-gram load. 


In measuring the deflection sum, an odd number of total swings is used 
(for example, 3 to the right and 2 to the left, as in the above example) 
in order to avoid error from the decrement in amplitude which occurs 
with each swing. By raising or lowering the movable weight on the 
pointer the sensitivity can be altered. A deflection sum of 5 divisions for 
1 mg is a convenient sensitivity. 


104. Checking Zero Point of Balance 

The zero point of the balance is the deflection sum with empty pans. It 
may not be zero on the scale, and it may change during the course of a 
day. If the weight of substance is measured by the difference between 
two weighings made one immediately after another, as when a sample of 
material is weighed on a counterbalanced watch glass, one may neglect 
correction to the zero point. It will be the same in both weighings, and 
the difference between them will no‘ be affected. If, however, one wishes 
to determine the weight of an object in a single weighing, one must de- 
termine the zero point of the balance when no load is on the pans, and 
algebraically subtract its equivalent in milligrams from the uncorrected 
observed weight. For example, if the sensitivity is 5 and the deflection 
sum with pans empty is —2.0, add 0.4 mg (subtracting —0.4 mg) to the 
uncorrected weight. If a crucible is weighed empty in the morning, and 
with a precipitate in the afternoon, the zero point should be checked 
with each weighing, and the corrections used if they are different. 


105. Methods of Weighing 

a. WEIGHING WITH RIDER ADJUSTED BY REPEATED TRIAL. Place the 
object to be weighed on the left pan. With the forceps, place on the 
right pan a weight that is judged to approximate the weight of the ob- 
ject. Gently lower the beam a little and note which way the pointer 
moves. Change the weights systematically, lowering the beam after each 
change until the weights outweigh the object less than 1 gm. Then re- 
move 1 gm from the weight pan, and add fractional gram weights until 
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the range covered by the rider is reached. Close the balance case and 
adjust the rider until the pointer swings equal distances to the right and 
left of zero. A swing of 5, or less, scale divisions to right and left of 
the mean is preferable to a wider swing. Record the weight from the 
empty places in the box and check by counting the weights on the pan. 
Recheck the weights as they are placed in the box. 

b. WEIGHING By SwiNncs. (1) This method saves the time taken to 
shift the rider by trial over the last fraction of a mg. It also enables 
one to estimate fractions less than 0.1 mg, but such estimations are valid 
with a standard balance only if unusual precautions with regard to cali- 
brated weights, rechecking of the zero point, etc. have been taken. 

(2) The object is balanced as described above to within 1 mg by 
weights and rider. The deflection sum is then noted, as described in 
paragraph 103, and is divided by the previously determined sensitivity 
of the balance. The quotient, deflection sum divided by sensitivity, is 
the fraction of a mg to add to or subtract from the weight indicated by 
the position of the rider. For example, if in weighing a crucible the 
weights and rider indicate 12.436 gm, the deflection sum is —1.4 scale 
divisions, and the sensitivity of the balance with a 12-gm load is 5.0 
divisions, one divides 1.4 by 5.0 and subtracts the quotient, 0.28 mg (or 
0.3 mg) from 12.436 gm, to obtain 12.4357 gm as the weight of the © 
crucible (without correction for the zero point of the balance). The 
0.3 mg in this case is subtracted because the deflection sum, —1.4 divi- 
sions, was negative to the left. The calculation from the deflection sum 
may be checked by placing the rider on the calculated point and noting 
whether the deflection sum is then zero. 

c. CORRECTION FoR ZERO Pornt. After weighing by either method in 
a or b above, correct for the zero point as described in paragraph 104, 
if the correction is necessary. 


106. Electrical Effects 

If the object to be weighed is of glass or porcelain and has recently 
been wiped with a cloth, it is allowed to stand for several minutes before 
weighing, and when the weighing is finished the object is left on the 
pans for several minutes more and is reweighed to make certain that its 
weight has attained constancy. Wiping a glass or porcelain object is 
likely to give it a charge of static electricity that may take %4 hour or 
longer to disappear. The effect lasts longer when the air is dry, as on 
a cold winter day, than when it is humid. A Pyrex glass vessel may 
require several hours on a dry day to reach constant weight. Static 
electricity does not affect metal objects, and when possible it is desirable 
to make weighings in metal rather than porcelain or glass containers. 
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107. Temperature Effects 

The object weighed must be in temperature equilibrium with the atmos- 
phere of the balance, otherwise convection currents in the air above the 
pan will be set in motion and will affect the weighing. Also, glass and 
porcelain objects under ordinary atmospheric conditions adsorb a slight 
film of moisture, which varies with the temperature. 

Weighing is easiest when the object can be allowed to come to con- 
stant weight in the room air before weighing. When a porcelain crucible 
has been ignited with a substance, like barium sulfate, that does not 
absorb moisture from the air, the crucible is left to cool % hour in the 
open air, then is left 10 or 15 minutes near the balance case, and is 
weighed. A platinum vessel cools more rapidly. If, however, the ignited 
or dried substance is one that gains weight by absorbing atmospheric 
moisture, the crucible is allowed to cool in the open air only partly, and 
while still warm is placed in a desiccator for over % hour. Before re- 
moving the crucible from the desiccator the approximate weights to 
balance it are placed on the weight pan, and the weighing is then made 
as quickly as possible. 

Regardless of how a material is prepared for weighing, the crucible 
or other vessel must be prepared in the same manner both for the pre- 
liminary weighing when empty and for the final weighing when it con- 
tains the material. 


In weighings with a microbalance the effects of both temperature and 
static electricity require special attention to avoid gross errors. 


108. Precautions in Using an Analytical Balance 

a. The balance should rest on a firm support that is as free as pos- 
sible from vibrations. These can interfere with weighings and shorten 
the life of a balance, especially a delicate microbalance. If a base free 
from vibration is not available, the feet of the balance can be set on 
wide cork stoppers about 2 cm high. More elaborate antivibratiom bases 
are described by Niederl. (See the app.) Direct sunlight or intense and 
unevenly distributed artificial light should not fall on the balance. 

b. If the knife edges were in constant contact with the agate plates 
they would be worn by the continuous vibrations of the building. There- 
fore, the arrest should be adjusted to hold the supports out of contact 
with the knife edges when the balance is not in use. Frequently, separate 
arrests for the pans are provided. If the beam is not in arrest and a 
heavy object is put on one of the pans, a delicate knife edge may be 
injured. To avoid this, make a routine practice of inspecting the balance 
each time before using it to make certain that the beam and pans are 
in arrest. 


c. Final rider adjustments should be made with the balance case 
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closed to prevent errors from air currents. When not in use the case 
should be kept closed to exclude dust. , 

d. Chemicals should not be placed directly on the pans, but in watch 
glasses or other containers. Counterbalanced scoops made from sheet 
aluminum or copper are convenient, and prevent error from static elec- 
tricity. 

e. Never handle the weights except with the forceps. 

f. Keep the pans and the balance floor clean by daily use of a camel’s 
hair brush. 

g. In placing crucibles, flasks, and other objects on the pans, always 
use forceps or tongs to handle them. In general, to avoid touching and 
dislocating parts of the balance, the hands are never put inside the bal- 
ance case farther than is necessary in handling forceps and balance 
brushes. 

h. When loads are exactly balanced a slight force may be required to 
set the beam in motion. This is usually supplied by gentle lowering of 
the beam from supports that are seldom exactly equal. If the beam fails 
to swing, it is started by lifting the rider for a moment, or by a current 
of air blown against a pan from a medicine dropper with a curved tip. 
Never start motion by touching a pan or by rough lowering of the beam. 


Section Ill. VOLUMETRIC GLASSWARE 


109. Volumetric Flasks 

a. GENERAL. Sizes needed are 1 liter, and 500, 250, 100, 50, 25, and 
10 cc. Most flasks are calibrated to contain a definite volume, and only 
cne mark is etched on the neck. Some, however, have two marks, the 
lower indicating that the vessel contains, and the upper that the vessel 
delivers, the specified volume of solution. The calibration by a responsi- 
ble manufacturer may be accepted as accurate enough for most flasks, 
particularly those of 100 cc and greater capacity. But for assured ac- 
curacy it is necessary to check the marks by recalibrating the flasks. 

b. CALIBRATION OF FLASKs. The following procedure may be used 
to calibrate flasks to contain specified volumes of liquid... Weigh the dry 
flask on a balance of appropriate size and sensitivity, or, instead of 
weighing the empty flask, it may be counterpoised with shot. The water 
to be introduced should be weighed to 1 part in 1,000; that is, a 10-cc 
flask must be weighed to 0.01 gm and a liter flask to 1 gm. Calculate 
from table VII the weight of water necessary to fill the flask to the mark 
at the room temperature, and add weights to this amount to the right 
balance pan. Fill the flask on the left pan with water until balance is 
attained, making sure that no drops of water adhere to the neck of the 
flask. Mark the lowest point of the meniscus with a wax pencil sharp- 
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ened to a chisel edge, then etch in the mark. An alternative procedure 
for a flask of 50 cc or less is to deliver into it the specified volume of 
water from an accurately calibrated delivery pipette. Pay particular 
attention to the precautions described under paragraph 111 for precise 
delivery from pipettes. If the manufacturer’s mark on a flask is found in 
error, efface it with crosses etched into the glass. 


Table VII. Apparent weights and volumes of water weighed in air for use in 
calibration of volumetric apparatus* 


Weight Volume 


Temperature of Peo. of fem Temperature oficc | of1gm 
i gm cc tg gm cc 

Qs ers pee Nee 08983.) TOOT D ea ae se bt ae 0.9961 1.0039 
1h BANG Ais ARP nO ipa tae O:99RS |) ADOL7 3) 2650. Se oa 0.9959 1.0041 
i heat Tea np ebayer O:9982 10018 4 Stee est Sl 0.9956 1.0044 
DS Seo Re, Nr pe Ae OORT Se TOTO TT ORs 0 iste ee ae 0.9954 1.0046 
bY Es cad a our kenya age 0,9980-4./ 1:0020 4) 2009s eee 0.9951 1.0049 
Ie IRS Pai aie RTCA ce REV NRD Sia GASTIO | TOR a0 eee ae 0.9948 1.0052 
Ole ee cong eg mage 00978"). TOUS 2 ol tots ee ee 0.9945 1.0055 
Uy ASS Set Salpd ERE a acta 09979 TAOS Wi Sle es woe ee tate 0.9942 1.0058 
1 Ses aig Miami aca Re eee Le OO9TS so AOU2S Boas 8a Oey ee 0.9939 1.0061 
Ts RS ae a MeL ea cays 0.9073") VO027s Hl Sale Sos ese ek 0.9936 1.0064 
7A 0 eat seen OW pete ayaa IG O90 782) 100028 ase. ee toe ee 0.9933 1.0067 
Ui Wp SU edi hie Maiep Wa 0907054 1.0038 ie BO oo ok eee eS 0.9929 1.0071 
BF Ao ie a ae Le OO RR | NO gel bd, ke ne es 0.9926 1.0074 
MD Siete Teles SS Ae aa G,09D6 10034 BBs ae ag as 0.9923 1.0077 
Dr Sisson Se dae Loa 09968 A008 6 S09 Es oe Se oe eee 0.9919 1.0081 

AD Oe Soe ae 0.9916 1.0085 


* The figures in this table serve to calculate the weights of water that must be weighed into 
a glass vessel at the indicated temperatures to fill the vessel to the mark that indicates the 
designated capacity when the vessel is at 20° C. Corrections are included for the buoyant 
effects of air on the water and the weights, and for the temperature coefficient of expansion 
of glass. The weights are for distilled water saturated with air. 

c. M1txING In VoLuMETRIC FLAsKs. When a solution is prepared in 
a volumetric flask, the flask is filled to the mark and is inverted at least 
10 times in order to insure complete mixing. Each time the flask is 
inverted it is held in that position until the air bubble entirely leaves 
the neck. The flask is then returned to the upright position and held 
there until the bubble has returned to the top of the neck before invert- 
ing again. 


110. Burettes 


a. CARE OF BuretTes. (1) After each day’s use, burettes, unless per- 
manently attached to solution bottles, are rinsed with water and inverted, 
with cocks open, to dry. 
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(2) No alkaline solution should be left over night in a burette, since 
it is likely to “freeze” the cock. Furthermore, dilute standard alkaline 
solutions, 0.1 normal or less, may dissolve enough silicate from the glass 
to change their titer. The more dilute the alkaline solution the more 
sensitive it is to change from contact with the glass. 

(3) The glass cocks must be kept clean and lubricated to prevent 
“freezing” and leakage. Vaseline is a satisfactory lubricant. A minimum 
of lubricant should be used, and the old removed before lubricating anew. 

(4) As soon as a burette begins to leave droplets, instead of a clean 
film, when draining from the upper portions, it should be cleaned. It 
usually will suffice to clean the burette with a burette brush and soapy 
water, or by filling it with cleaning mixture. The burette then is rinsed 
repeatedly with tap water, finally with distilled water, and is inverted to 
dry. If it is needed at once, the burette is finally rinsed with alcohol and 
ether and dried by a current of air. 

b. TECHNIC FoR FILLING AND AccuURATE DELIVERY OF BuretTes. (1) 
Filling. Fill the burette to 2 or 3 cm above the zero mark and deliver 
enough solution to remove air bubbles from the tip. Then run the menis- 
cus slowly down to the zero mark. Wait a minute for drainage from 
the wall to become complete, then readjust the meniscus to the zero mark 
if necessary. Remove the droplet from the tip by touching the latter 
with a glass surface or filter paper. Then proceed at once with the 
delivery. 

(2) Delivery. (a) Delivery from a burette must not be too rapid or 
the film of solution left on the wall will be increased and the burette 
reading will be too great. For the most accurate delivery the rate of fall 
of the meniscus should not exceed 5 mm per second. With a 25- or 50-cc 
burette one may let the solution flow out in rapid drops, but not in an 
unbroken stream. For a microburette (capacity 0.1 to 5.0 cc) one notes 
with a watch the rate of drop fall that accompanies a meniscus descent 
of 5 mm per second, and regulates accordingly the rate of drop fall in 
subsequent deliveries. The smaller the bore of a burette the greater is the 
ratio of wall surface to volume of solution, and hence the greater the care 
necessary to obtain uniform drainage in delivery. 

(b) -As the end point of a titration is approached it may be desirable 
to deliver the last portions of solutions from the burette in fractions of 
a drop. To do this a little of the solution is permitted to protrude from 
the tip of the burette, and is detached by touching the tip to the inside of 
the receiving flask near enough to the solution so that by rotating the 
solution the droplet is mixed with it. 

(c) It is often convenient to attach an extra tip, by a piece of fine- 
bore rubber tubing, to the burette tip. The extra tip is made by drawing 
out a piece of capillary tubing. One can thus obtain a finer tip, deliver- 
ing smaller drops, and the extra length enables one, in using the split- 
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drop technic at the end point, to deposit the droplet where it can be easily 
mixed with the solution in the receiving flask. 

(d) When it is desired to deliver drops as small as possible, the burette 
tip is greased with a thin film of vaseline which has been mixed with a 
little caprylic alcohol. This treatment halves the size of the drops deliv- 
ered; water solutions can thus be delivered in drops as small as 0.01 ce. . 

c. CALIBRATION OF Burettes. First clean the burette with chromic 
cleaning mixture or a soapy brush, and rinse repeatedly with water. Make 
certain that the cock is perfectly lubricated. Then fill with water at room 
temperature as described above. For burettes of 10- to 50-ce capacity, 
deliver the water in portions of 2 cc into a weighing bottle containing a 
layer of liquid petrolatum about 5 mm thick, the bottle and petrolatum 
having previously been weighed to 1 mg. After delivering each 2-cc 
portion, any drop protruding from the tip is removed by touching to the 
oil surface, and the bottle and its contents are weighed. Multiply the 
weight in grams of water delivered from the zero mark to each division 
by the volume of 1 gm, taken from table VII, to calculate the volume 
delivered. After finishing the calibration, clean and wipe the weighing 
bottle, put in a fresh layer of petrolatum, and repeat the calibration to 
check the accuracy of the deliveries. If duplicate results at any point 
deviate significantly, repeat the deliveries to these points. For each point 
the correction is calculated as delivered volume minus marked volume. 
For example, if at the 8-cc mark the water delivered at 23° C. weighs 
8.012 gm, the volume is 8.012 & 1.0034 = 8.039 cc, and the correction to 
the nearest 0.01 cc is +0.04 cc. Similar corrections are calculated at 
2-cc intervals for the entire burette. Make a table or, better, a graph 
of the corrections. Etch a number on the burette, and mark the correc- 
tion table or curve with the same number. If the burette is of 5-cc 
capacity, calibrate it at 1-cc intervals, using a 10-cc weighing bottle. 

d. MicropuretTes. (1) Burettes with a capacity of 0.1 to 5 cc, so 
constructed that the error of delivery does not exceed 0.1 percent of the 
capacity, are called “microburettes.” The construction, internal diame- 
ters, outlets, and stopcocks of the smaller microburettes must be quite 
different from those of standard burettes. The fluid must be delivered 
in minute drops, and the amount adherent to the tip of the burette must 
be insignificant. Both objects are attained by using a delivery tip drawn 
out to a fine point. It is not desirable, however, to make the permanent 
tip too fine, as it might be too fragile, or be easily clogged with particles, 
such as bits of grease from the cock. Removable tips of drawn-out, glass 
capillary tubing can be attached to the permanent tip by heavy-walled, 
fine-bore (1 or 2 mm) rubber tubing; or a Luer adapter can be sealed 
to the burette tip, and then fitted with a small-gauge hypodermic needle 
(the Shohl burette tip) by which minute drops can be delivered. In the 
ultramicro-burettes of Rehberg and Scholander, the stopcock is dispensed 
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with, and the flow of. liquid is regulated by a micrometer screw working 
on a mercury reservoir. Such burettes usually deliver with their tips 
dipping below the surface of the titrated solution. 

(2) There are various devices for calibrating microburettes. One 
principle, which usually can be applied, is to fill the burette with a con- 
centrated standard solution, and titrate it against a tenfold or hundred- 
fold more dilute solution delivered from a standard burette. For example, 
the microburette may be filled with 1 N sulfuric acid, portions of which 
are titrated against 0.01 N NaOH measured from a standard burette. 

e. READING Burettes. (1) The readings are preferably taken at the 
bottom of the meniscus, because this is more sharply defined than the top 
of the meniscus. Exceptions must be made when solutions are so dark 
that the bottom of the meniscus can not be seen: such are permanganate 
and iodine solutions at 0.1 N concentration. With such solutions the 
position at the top of the meniscus is read. 

(2) In making burette readings the most important precaution is to 
have the eye at the level of the meniscus; otherwise error from parallax 
will occur. The error is easier to avoid if the graduations at the 1- or 
0.5-ce intervals are rings going completely around the burette and if the 
marks at other intervals go halfway around. By sighting across the near- 
est ring or the ends of the other marks, one can judge whether the eye 
is at the proper level. 

(3) After recording a reading, repeat the reading; if the drainage of 
the solution last delivered was not complete at the first reading, the sec- 
ond will be a little higher on the burette. The second reading will not, 
however, entirely correct error caused by too rapid delivery from the 
upper parts of the burette. 

(4) For precise readings, especially with burettes of 5-cc capacity, or 
less, a magnifying glass is useful. 

(5) With a 25-cc burette, duplicate deliveries can be made within 0.01 
cc of the mean or correct volume; with a 10-cc burette they can be within 
0.005 ce. 


I11. Pipettes 

a. Types oF Pipettes. (1) A pipette for measuring a single fixed 
volume is called “transfer” pipette. One for measuring varying volumes 
is called a “graduated” or “Mohr” pipette. Graduated pipettes are ordi- 
narily not used for precise measurements, which are made preferably with 
either burettes or transfer pipettes. 

(2) Most pipettes, except those of 0.l-cc capacity or less, are cali- 
brated “to deliver’ a definite volume of fluid, without rinsing out the 
film left adherent on the inner wall. The film is so small a percentage 
of the total fluid in a large pipette that variations in the volume of the 
film can be neglected if the delivery is controlled as directed below. 
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(3) Pipettes of 0.1 cc capacity or less are usually calibrated “to contain” 
a definite volume. After fluid from such a pipette has been delivered into 
a receiving vessel the pipette is rinsed with water three times to transfer 
the fluid adherent to the wall after the first delivery. With very small 
pipettes the ratio of wall surface to volume content is so great that dif- 
ferences in the manner of delivery or in the physical properties of the 
fluid can cause relatively large variations in the percentage of fluid left 
on the inner wall after the first delivery. In hemoglobin determinations 
on 0.05-ce samples of blood, for example, the use of a “to contain” pipette 
is essential to accuracy. Sometimes a larger pipette is calibrated with 
two marks, one “to deliver” and one “to contain.” 

b. Quick CLEANING AND DryiINc oF Pipettes. (1) Rinsing with 
water, alcohol, and ether (for routine cleaning of numbers of pipettes, 
see ch. 1). Before a pipette is used to measure a solution it must either 
be rinsed three times with successive portions of the solution, or must 
be dry. When the same pipette is used for a series of measurements, and 
the supply of fluid to be measured is too limited to permit such rinsing, as 
in most blood analyses, it is necessary to dry the pipette between meas- 
urements. Cleaning and drying are accomplished quickly by attaching 
to one end of the pipette a rubber tube that leads to a bottle connected 
with a suction pump. The pipette is washed three times or more by dip- 
ping the tip into water until suction has filled the pipette; after each fill- 
ing the end dipped into the water is lifted and the water is drawn out of 
the pipette. The pipette is then rinsed once in the same way with 95 
percent ethyl alcohol and once with ether. After rinsing with ether, air 
is drawn through the pipette for a few seconds until it is dry. It is 
convenient to have permanently at hand three bottles of 150- or 200-cc 
capacity, bound: together and marked “water,” “alcohol,” and “ether.” 
The bottles are closed by cork, not rubber, stoppers, and the stoppers are 
marked in the same way as the bottles. 

(2) Cleaning of greasy pipettes. When a pipette no longer delivers 
with clean walls after rinsing with water, alcohol, and ether, it may be 
cleaned quickly with hot chromic-sulfuric acid mixture. The cleaning 
mixture may be heated and then drawn up into the pipette (not by mouth 
suction, unless a safety tube is interposed) ; or the pipette may be filled 
with cleaning solution at room temperature and then warmed by passing 
the bulb over a small flame or under a stream of hot water. The clean- 
ing mixture is then discharged, and the pipette is rinsed repeatedly with 
tap water, then with distilled water, alcohol, and ether, as described above. 

c. Frtytrnc a Pipette. In filling a pipette the liquid is first drawn 
above the mark, and the wet part of the delivery stem is wiped dry. The 
surplus liquid above the mark is then run out while the pipette is held in 
a nearly vertical position. As the meniscus approaches the mark the tip 
of the pipette is touched to a glass surface, or to a filter paper or towel, 
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so that no adherent drop projects beyond the tip when the mark is 
reached. 

d. DELIVERING From A Pipette. (1) Control. In delivering solu- 
tions from all kinds of pipettes, except those provided with stopcocks, the 
outflow of liquid during part of the process is controlled by pressure of 
the tip of the finger over the upper opening to regulate the inflow of air. 
To obtain the necessary control the skin of the fingertip must be neither 
dry and hard nor wet. A proper condition is obtained by wetting the end 
of the finger for a moment and then drying it on a towel. 

(2) Regulating rate of delivery. For a precise delivery from pipettes 
the same rule holds as for burettes (par. 110b); the rate of fall of the 
meniscus must not exceed 5 mm per second. Some pipettes have their 
outlets so narrow that a sufficiently slow rate of delivery is obtained by 
letting the liquid flow out freely. A tip with so small a bore is an incon- 
venience, however, since it retards filling, and the delivery from the lower 
stem is unnecessarily slow. It is more convenient to use a pipette having 
a tip with a moderately wide bore, and to regulate the outflow rate by 
controlling the inflow of air with the fingertip. In this way a uniform 
rate of delivery from the entire length of the pipette can be obtained, 
and maximal precision can be maintained without undue loss of time in 
either filling or delivery. If less than maximal precision suffices, the out- — 
flow can be accelerated. 

(3) Drainage delivery. This type of delivery may be used with 
pipettes of 5-cc capacity or more. When all the liquid that will run out 
by gravity has been discharged, the tip of the pipette is touched to the 
glass of the receiving vessel, and is left there for 5 seconds, with the 
pipette in a nearly vertical position, while drainage is completed. The 
pipette is then withdrawn without discharging the drop from the tip. 

(4) Blow-out delivery. This type of delivery may be used with 
pipettes of any size, and, for precise results, is always used with small 
pipettes, 3 cc or less. The delivery is performed exactly as the drainage 
delivery, except that at the end of the 5-second period of drainage the 
drop in the tip is blown into the receiving vessel. The air pressure to 
expel the drop may be applied with the breath, or by slipping a short piece 
of rubber tubing over the upper end of the pipette and bending the tubing 
double, or by closing the upper end of the pipette with the finger of one 
hand and warming the bulb of the pipette with the palm of the other hand. 

(5) Wash-out delivery. This is used only with pipettes calibrated “to 
contain.” First empty the pipette as described for blow-out delivery. 
Then fill it with water (or other solvent used if the solution is non- 
aqueous) two or three times and deliver the wash liquid into the receiv- 
ing vessel. 

(6) It is important that the laboratory have a system which pre- 
vents the possibility of mistaking which delivery pipettes are calibrated 
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for drainage and which for blow-out. The simplest system is to have 
every pipette calibrated for blow-out. Next in simplicity is to have all 
pipettes of 5-cc capacity or more calibrated for drainage, and all smaller 
pipettes for delivery. No possibility should be permitted that a pipetic 
calibrated for drainage delivery will by mistake be used with blow-out 
technic, or that a blow-out pipette will be delivered by drainage. 

c. CALIBRATION OF Pipettes WitH Water. (1) Checking accuracy 
of a pipette already marked for delivery. With the precautions outlined 
in paragraph 111d, deliver distilled water of known temperature from the 
pipette into a previously weighed weighing bottle and determine the 
amount of water delivered. The weight delivered is multiplied by the 
volume of 1 gm of water (table VII) to calculate the volume delivered. 
If the volume is inaccurate by an amount that is significant for the uses 
of the pipette, make a new mark with a chisel-edge wax pencil and test it 
in the same way. When a correct mark has been located, etch it in, and 
efface the incorrect mark with crosses. In the calibration the water must 
be delivered by the same technic (drainage or blow-out delivery) that 
is to be employed in subsequent use of the pipette. 


(a) To avoid loss of water by evaporation during the delivery and 
weighing, either of two technics may be used. One is to make the deliv- 
ery into the bottom of a dry weighing bottle capable of holding about five 
times the volume of the water; with a bottle of this size, and at least 
twice as tall as wide, no significant evaporation occurs during the deliv- 
ery. The instant the delivery is completed the stopper is put into place 
and the bottle and water are weighed. This procedure is preferable for 
pipettes of less than 2-cc capacity, since it avoids the slight error that 
might be caused by adherence of oil to the pipette tip in the procedure 
described below. 


(b) The alternative procedure is to make the delivery into a weighing 
bottle containing a layer of oil about 5 mm deep. The delivery is made 
with the pipette tip almost touching the oil, and at the end of delivery, 
whether by drainage or blow-out, the drop of water at the tip is detached 
by touching it to the oil. No cover need be used with the weighing bottle 
because the oil delays evaporation of the water. Also, one can make 
several deliveries into the same bottle without emptying and reweighing 
it. These conveniences make the oil method desirable for pipettes of 2-cc 
capacity or more. 


(2) Calibration of unmarked pipettes for delivery. Two preliminary 
marks separated by a definite distance, such as 50 mm, are made with a 
chisel-edged wax pencil, and the water delivered from each is weighed. 
From the difference the weight of water contained in each millimeter of 
length is calculated, and from this is calculated the number of millimeters 
from either preliminary mark to the correct mark. The latter is located 
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at the calculated level on the stem, is tested by weighing the water deliv- 
ered from it, and is etched in. ' 

‘Example. The weights of water delivered at 20° C. from 10-cc 
pipette with two preliminary marks 50 mm apart are 9.900 and 10.275 
gm, respectively. Hence the weight of the column of water between 
the marks is 0.375 gm, or 0.375 50=0.0075 gm per millimeter of 
length. The weight of the 10 cc of water at 20° C. is 9.972 gm, or 0.072 
gm more than that delivered from the lower preliminary mark. Hence 
the correct mark is 0.072 -- 0.0075 == 9.6 mm above the lower mark. 

(3) Calibration of pipettes to contain. In a weighing bottle of five or 
six times the capacity of the pipette place somewhat more than enough 
water to fill the pipette, and stopper and weigh. Fill the pipette to the 
mark from the bottle, and immediately close and reweigh the latter. 

f. CALIBRATION OF PipetTES WitH Mercury. (1) Except for ex- 
tremely small pipettes, mercury is less desirable than water for calibra- 
tion. The filling to the mark is more difficult to control with mercury, 
and a correction must be made for the fact that the menisci of mercury 
and water curve in opposite directions. For pipettes of 0.2 cc or less, 
mercury has the advantages of high specific weight and inappreciable 
volatility. 

(2) Mercury is usually used to calibrate pipettes “to contain.” The 
dry and clean pipette is filled to the mark, and the mercury is delivered 
into a weighing bottle and weighed. Grams of mercury divided by 13.55 
indicate the capacity of the pipette in cubic centimeters uncorrected for 
the meniscus. To this uncorrected volume one must add the correction 
for the meniscus; 5 cu mm when the bore of the stem at the mark is 
3 mm, 2.5 cu mm when the bore is 2 mm, and 0.5 cu mm when the bore 
is 1 mm. If the bore is less than 1 mm the correction can ordinarily be 
neglected. 

(3) To calibrate with mercury a pipette “to deliver” water solutions, 
one must first wet the clean pipette with water, so that a film remains 
on the inner wall, and deliver the mercury from the wet pipette. The 
calibration serves for delivery of water by the blow-out technic. The 
corrections indicated above for the curve of the mercury meniscus are 
applied. 


112. Graduated Cylinders 


a. Cylinders are not so accurate as burettes, pipettes, or volumetric 
flasks. Hence cylinders are, as a rule, used only for measurements in 
which a 1 percent error is not important. More accurate measurements, 
however, can be made with a cylinder if it is calibrated, and if after deliv- 
ery of the contents, it is allowed to drain for 2 minutes, or is rinsed. 
A cylinder can be quickly calibrated by filling it by repeated deliveries 
from a calibrated pipette or flask; for example, a 50-cc cylinder can be 
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calibrated at 10-cc intervals by deliveries from a 10-cc pipette. Cylinders 
are calibrated “to contain,” but if drained for 2 minutes the amounts 
delivered come sufficiently close to the content for measurements of the 
accuracy usually attempted with cylinders. 

b. For each measurement use the size of cylinder that will be most 
nearly filled by the volume of fluid measured. Preferably use a cylinder 
that will be more than half filled. 


Section lV. FILTERS AND FILTRATION 


113. Paper Filters 


a. Types oF Fitter Paper. (1) To suit the requirements of differ- 
ing degrees of fineness in precipitates, and of other conditions, various 
types of filter paper are provided. The desirable qualities are strength, 
uniform texture, proper porosity, and freedom from substances that inter- 
fere with a particular analysis. If a determination of inorganic constitu- 
ents or an analysis of ash is to be made, an acid-washed, ash-free filter 
paper is used. If a fine precipitate, like that of barium sulfate or cal- 
cium oxalate, is to be filtered, a fine texture is required. If, however, 
a coarse, flocculent precipitate is to be filtered, a paper of loose texture 
is used, since one of fine texture would unnecessarily prolong the filtra- 
tion. Laboratory supply houses and manufacturers give the character- 
istics of various filter papers in a user’s guide indicating the correct papers 
for various analyses. 

(2) An analysis, particularly of the small amounts of material deter- 
mined in blood analyses, may suffer gross error from the selection of 
improper filter paper. Thus, to obtain a protein-free filtrate from serum 
precipitated with trichloracetic acid, to be used in a determination of cal- 
cium, only the highest grade, most completely acid-washed filter paper 
(medical supply item #4364000 or equivalent) can be used; paper that 
has not been acid-washed contains amounts of calcium that make the 
analysis meaningless, and even the acid-washed papers must be tested 
in blank analyses. On the other hand, if a blood filtrate is to be ob- 
tained for a nonprotein nitrogen or urea nitrogen determination, an 
acid-washed paper is not necessary (medical supply item #4359000, or 
equivalent recommended) and in fact is more likely to contain ammonia 
than papers not washed with acid. In many descriptions of methods the 
authors indicate the types of filter papers to be used. When this is the 
case another type of filter paper should not be substituted without test- 
ing it. 

(3) To test a filter paper for a specific analysis 10 papers may be put 
through the routine of washing or ashing, and subsequent determination 
of the substance sought. If a measurable amount is found, one-tenth of 
it will be the correction for a single paper. In most microanalyses a 
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blank on the reagents is performed and included in the calculation; if a 
filtration is included in the analytical process, a filtration is also performed 
in the blank analysis, so that it will include correction for any significant 
impurity present in the paper. 

(4) For filtering with suction, as with Buchner funnels, hardened 
paper is used (medical supply item #4364500, or equivalent). Besides 
its strength, it has the advantage that its smooth surface permits one to 
remove precipitates from it with a minimum admixture of paper fibers. 

(5) When the analysis is to be performed on an aliquot of the filtrate, 
pleated filter papers afford the most convenient and rapid filtration, be- 
cause they provide the greatest filtering area. The pleated paper is fitted 
into a funnel large enough so that its sides rise above the paper, and the 
mixture to be filtered is poured into the pocket formed by the dry paper. 
Pleated filters should not be used when a precipitate is to be washed. 

b. Fotpine Fitter Papers. (1) Making 60° cone with two foldings. 
Crease the paper across one diameter and then, without opening the paper, 
make a second fold exactly at right angles to the first one. The paper 
should be of such size that when it is fitted into the funnel its upper edge 
is well below the rim of the latter. With an accurate 60° funnel and a 
well-folded filter paper, the fit of paper to funnel is so accurate that, when 
the funnel stem is full of water and therefore exerting suction, no air is 
drawn into the stem, even after all the solution has filtered out of the 
space above the paper. The suction is thus maintained for successive 
washings, which can be carried through in a fraction of the time that 
would be required with an ineptly fitted filter paper. 

(2) Making 60° cone with multiple foldings. Although the method 
just described is the easiest and quickest for folding a paper, consider- 
able time in filtration may be saved by folding the paper so that the liquid 
passes through it more rapidly. The following method accomplishes 
this purpose: 

(a) Fold the paper evenly across one diameter. 

(b) Open up the paper and make a second fold at right angles to the 
first, creasing the paper on the same side. 

(c) Open and turn the paper over, then make a third fold exactly 
bisecting two of the quarters, creasing on the opposite side from the first 
two creases. 

c. Make a fourth fold at right angles to the last one. (The paper is 
thus divided into eighths, each segment spanning 45°, with two creases 
on one side and two on the other.) 

d. Fold again on the same side as the last, dividing two opposite eighths 
equally. 

e. Make a final fold at right angles to the previous one, and on the 
same side. 

f. In making the folds be sure all creases pass through the same center 
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point, and protect this point with a finger, as the creases are made, to 
prevent tearing. 

g. As the paper is picked up it will tend to shape itself into a cone 
with four equal sections, each having both a triple and a single thickness 
of paper. Adjust three of the sections, reserving the fourth one to make 
the paper fit the funnel exactly. This folding gives alternate triple and 
single thicknesses, with half of the funnel area covered by a single thick- 
ness. It makes for rapid filtration. 


114. Asbestos Filters | 
Asbestos for Gooch filters may be prepared as follows: The long-fibered 


asbestos sold for filtration is cut into pieces 0.5 to 1 cm long, and digested 
with concentrated hydrochloric acid on the steam bath for 1 hour or 
more in order to remove soluble impurities. The fibers are poured upon 
a Buchner funnel and washed with water till the washings no longer give 
a test for chloride with silver nitrate. The washed fibers are then mixed 
with such a volume of water that, when the mixture is shaken up and a 
Gooch crucible is filled with the suspension and sucked dry, the fibers 
will form a mat 1 or 2 mm thick. When a crucible is thus prepared with 
a mat, it is advisable to run about 500 cc of water through in order to 
detach all fibers that are not firmly knitted into the mat. 

To prepare the Gooch crucible for weighing, place it inside a larger 
porcelain crucible and heat gradually with a burner, the flame of which 
is turned low and placed at some distance below the crucibles. When 
no more steam is evolved from the asbestos mat, the heat is increased 
until the lower crucible begins to show red. The crucibles are then 
cooled. (For weighing, see par. 107.) 


115. Porous Glass Filters 

These filters are made by fusing a disk of sintered glass in a funnel ot 
proper size. They come in many shapes and sizes, and the fritted glass 
disks are of numerous grades of porosity, from extremely fine to coarse. 
In making the disks, powdered glass is sifted to a uniform degree of 
fineness, pressed into a disk, and heated just enough to cause the indi- 
vidual grains of glass to adhere to each other. Fritted glass filters may 
be used for filtering anything except solutions of hydrofluoric acid and 
hot, strong alkali. They are especially useful when filtration by suction 
is employed. 


116. Funnels 

a. GLASS FUNNELS FOR QUANTITATIVE WASHING OF PRECIPITATES. 
These funnels must have an accurate internal angle of 60°, and straight 
inner walls to permit accurate fitting to folded filter paper. The stem 
should be long, so that the column of water in it will exert suction and 
accelerate filtration. The end of the stem is ground to a bevel. After 
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fitting the filter paper into the funnel the latter is filled with water and 
the paper is pressed against the funnel with the fingers so that an air- 
tight connection is obtained, and the column of water in the stem is not 
broken by leakage of air between the funnel and the paper. During fil- 
tration and washing the point of the beveled end of the stem should touch 
the side wall of the receiving beaker, but should not dip below the surface 
of the liquid in the receiver. 

b. Grass FUNNELS For FILTRATION WitHouT WaAsHING. In analyses 
in which an aliquot of the filtrate is used the precipitate is thrown into a 
dry filter, and is not washed. The funnels used for such filtrations are 
short stemmed, and do not need to meet the requirements of accurate 60° 
angles and straight sides. The most rapid filtrations are obtained with 
pleated filter papers. 

c. PorcELAIN BUCHNER FUNNELS. (1) The Buchner funnel has 
vertical walls, and a perforated flat surface to support a filter paper. The 
chief use of the Buchner filter is for filtration of precipitated reagents ; 
it is not used when the precipitate is to be weighed, nor, as a rule, when 
an aliquot of the filtrate is to be analyzed. 

(2) For use, the filter plate is fitted with a hardened filter paper, or 
with two or three ordinary filter papers to withstand the suction, and the 
paper is wet with a little water or supernatant solution from the mixture 
to be filtered. The stem of the funnel, fitted into a perforated rubber 
stopper or section of rubber tubing, is fitted into the neck of a suction 
flask, and the wet filter paper is drawn tight to the perforated bottom by 
starting the suction. A properly fitted paper lies completely flat on the 
perforated plate, covering all the perforations and extending nearly to 
the side walls. The stopper must be large enough to prevent its being 
drawn through the neck of the flask by great pressure. The mixture to 
be filtered is poured into the funnel and the filtration is continued with 
suction. With precipitates that tend to clog the pores of the filter paper 
it is advisable to apply suction gently at first. As soon as all the super- 
natant is drawn through the funnel the latter is filled with washing liquid, 
which is completely drawn through before another portion is poured into 
the funnel. For efficient washing it is necessary to avoid the formation 
of cracks in the precipitate, because the washing fluid will be drawn 
through the cracks instead of perfusing the precipitate. Therefore, after 
wash liquid has been drawn off, do not continue the suction until the 
layer of precipitate shrinks and cracks. If a crack is seen to form, it is 
pressed together with a footed rod and at once covered with washing 
fluid. 

(3) After the washing is finished the precipitate can be partially dried 
by drawing air through it. If washing with aqueous solution is followed 
by washing with alcohol and ether, air-drying may yield a completely 
dried product. 
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Section V. ACID-BASE INDICATORS 


117. General 

a. Proton Donors AND Acceptors. The hydrogen atom is conceived 
to have two parts; the proton, symbol H*, which is the nucleus of the 
hydrogen atom, and which carries unit electrical charge of the kind 
designated by the positive sign, and the electron, which is characterized 
as the unit electrical charge of the kind designated by the negative sign. 
Any one of the common acids is a proton donor. The transfer of a 
proton from the carboxyl group of acetic acid, CH,.COOH, to another 
substance leaves the anion of acetic acid, CH,.COO-, which may be called 
a proton acceptor. The primary anion H,PO,,, of phosphoric acid is 
both a proton acceptor, capable of forming H,PO, and a proton donor, 
capable of forming HPO,-. The ammonium ion, NH,*, and substituted 
ammoniums are proton donors. Instead of using various names for the 
several classes of material it is convenient to unify the treatment by use 
of the terms proton donor and proton acceptor. Examples of conjugate 
pairs of proton donor and acceptor are shown in table VIII. 


Table VIII. Conjugate pairs of proton donors and acceptors 


Proton donors Proton acceptors pK 
H3+O or H+.H20 (hydrogen ion of H20 (water, simplest molecule) 2 
aqueous solution). : 

H2O (water, simplest molecule) OH (hydroxyl ion) * 

CH3.COOH (acetic acid) CH3.COO7 (acetate anion) 4.7 

H2PO.4~ (primary phosphate anion) HPO,> (secondary phosphate anion) 6.8 
NH.+ (ammonium cation) NHs3 (ammonia) 9.4 

CH2NH3+ CH2NH3t+ 

| (glycine cation) | (glycine dipole ion) 2.4 

COOH COoOo- 

an Ad en a ee nae EN Det Ee eR ee ee) fue ee ei aes toe eee een EE SS 

CH2NH3t CH2NHe 

| (glycine dipole ion) | (glycine anion) 9.8 

Ccoo— .. COO- 

H3BOsz (boric acid) H2BO3~ (primary borate anion) 9.1 

In— (yellow univalent anion of the In= (red bivalent anion of the 7.8. 

indicator phenol red) indicator phenol red) 


approximates 14.0, 


* The sum pH + log i 
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b. NATURE OF THE HyprocEen Ion. It was assumed at one time that 
an acid typified by HA, dissociates in solution to a great or small degree 
in the sense: HA@H*-++ A-. Thus it would appear that the hydrogen ion, 
H*, is a free proton. This is improbable. It is preferable to regard the 
ion as interacting with molecules of the solvent. If water is the solvent, 
the reversible process is represented by HA+ H,O@A--+ H,O*. The 
hydrogen ion, H,O*, of a water solution thus appears as a hydrated proton. 
In any other solvent the hydrogen ion would be different. This empha- 
sizes the necessity of avoiding the common mistake of making direct 
comparisons between measurements of pH (see below) in solutions of 
which the solvents are different. The following treatment is restricted 
to water solutions. 

c. Hyprocen Ion CoNcENTRATIONS AND Activities. (1) Hydrogen 
ion concentrations are expressed in terms of normality. To simplify ele- 
mentary theory with which to draw the bold outlines of the subject it is 

_ legitimate to make certain assumptions, which cannot be completely real- 
ized, and to use hydrogen ion concentrations in dealing with equilibria 
among proton donors and acceptors. Thus the product of the hydrogen 
ion concentration and the hydroxyl ion concentration of a water solu- 
tion may be regarded as 1 & 10°“ and from this relation the concentra- 
tion of the one may be calculated if the concentration of the other be 
known. A solution in which the hydrogen ion concentration equals the 
hydroxyl ion concentration is thus calculated to be 1 & 107 N with re- 
spect to each of these ions. This concentration is frequently made an 

» arbitrary point of demarkation between what are called “acid” solutions 
and “alkaline” solutions. There is no other practical use of this de- 
markation. 

(2) Actually the hydrogen ions in any ‘solution of electrolytes are 
under the constraint of interionic forces which make them less available 
as proton donors than would appear from the value for the normal con- 
centration in any given instance. Accordingly, the concentration is multi- 
plied by a factor, called the activity coefficient, and the product is called 
the activity. For example, there is evidence that in a solution 0.1 molar 
with respect to hydrochloric acid the hydrogen ion concentration is 0.1 N. 
The activity coefficient is about 0.8 and pH (d below) is approximately 
rt. 

d. PracticaL MEANING or PH. (1) Originally pH was defined as 
the logarithm of the reciprocal of the hydrogen ion concentration. Thus, 
if the concentration were 1.0 VN, pH=0.0; if the concentration were 
0.001 N, pH = 3.0, etc. Likewise, the arbitrary point of division between 
“acid” and “alkaline” solutions would be pH =7.0. Actually the hydro- 
gen cell, with the aid of which the basic data of the subject have been 
determined, provides no means of determining hydrogen ion concentra- 
tions. Were certain requirements to be met rigidly, the device would 
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permit the determination of hydrogen ion activities. These, not the con- 
centrations, determine the states of equilibria and therefore are the more 
important. A very close approximation may be made so that it might 
appear legitimate to redefine pH as the logarithm of the reciprocal of 
the hydrogen ion activity. Unfortunately the requirements cannot be met 
rigidly, so that an arbitrary element enters, due to the necessity of neglect- 
ing small and incalculable variables. 

(2) The standard buffer solutions given in paragraph 118 have had 
assigned to them pH values obtained by measurements with the hydro- 
gen cell. The ultimate standards of reference are undergoing continual 
slight revision. In order to keep the data obtained with the use of these 
secondary standards in conformity with the data reported in the past by 
the Army Medical School no revision has been made. 

e. A USEFUL EQUATION. 
concentration of proton acceptor 


; : pH = pK’ + log concentration of proton donor : () 
In this equation log signifies logarithm to the base 10. pK’ is charac- 


teristic of the particular pair of proton donor and acceptor, and may be 
considered to be a constant for a limited range of conditions, tempera- 
ture, salt concentration of the solutions, etc. A true constant and the 
ratio of activity coefficients for proton acceptor and donor are included 
in pK’. The reason that a value of pK’ can be used only for a limited 
range of conditions is that the ratio of activity coefficients changes with 
change of conditions. (See tables VIII and XI for pK’ values that are 
valid for ordinary conditions.) -When the concentrations of proton donor 
and acceptor are equal, pH=pK’. As the ratio of the concentration 
of acceptor to that of the donor increases, pH increases. When the ratio 
decreases, pH decreases. If this ratio is 9:1, pH is 0.95 unit greater 
than pK’. If the ratio is 99:1, pH is about 2.0 units greater than pK’. 
If the ratio is 1:99, pH is about 2.0 units less than pK’. 


f. Nature or Burrers. A buffer may be described crudely as a sys- 
tem that tends to stabilize the pH value of a solution against large changes 
following addition of acid or alkali. A simple example may be treated 
with the aid of equation (1), which happens to serve in the case selected. 

Suppose a solution contains 0.05 M HPO:,, and 0.05 MW H,PO-,. Ac- 
cording to equation (1) and the value of pK’ given in table VIII, pH = 
6.8 + log Whence, pH =6.8. Now add to 1 liter of this solu- 
tion 10 cc of 0.1 M hydrochloric acid. This will convert some of the 
secondary phosphate to primary phosphate, and the relation will be, 

0.05 — 0.001 
pH = 68 + log 0.05 +. 0.001" Whence, pH = 6.78. Had the above 
amount of hydrochloric acid been added to 1 liter of pure water, the pH 
value would have been only slightly greater than 3,0, 
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As may be noted by inspection of equation (1), the stabilizing, or 
so-called “buffer effect” of such a system is greater when the ratio of 
the concentration of proton acceptor to that of the donor is unity. As 
the ratio departs in either direction from unity, the stablizing effect be- 
comes less, and ceases to have practical value when the ratio becomes 
very small or very large. Thus any one buffer system of proton donor 
and acceptor can be used practically only within a limited range of 
pH that may be defined arbitrarily as 1.5 (or less) units of pH greater 
and less than the value of pK’. 

In addition to simple cases, such as the above, for which equation (1) 
is applicable, the water acts as a buffer at high and low pH. Proteins 
and other complex substances serve as buffers. To establish standards 
for the colorimetric determination of pH, to stabilize the pH values of 
physiologic solutions and culture media and for various other purposes, 
buffer solutions are invaluable. 

g. INpicaTors. An “acid-base indicator” is a substance capable of 
forming a system of proton donor and acceptor at least one of which must 
have a distinctive color in solution. For example, the monosodium salt 
of phenol red (phenolsulonephthalein) provides the ion and proton donor 
which may be represented by HJn-. A solution containing these ions ap- 
pears yellow. Loss of proton yields the ion In= A solution containing 
these ions appears red. A solution containing a mixture of these two 
ions has a color that depends on the absorption of light by both forms. 

Some indicators exhibit two color transformations, each occurring 
within a distinct range of pH. (See, for example, thymol blue, listed in 
table XI.) 

If a means is provided for determining the ratio of the concentrations 
of the two forms of the indicator in a given solution, it is possible to esti- 
mate the pH value of the solution. A method in which this is done by 
comparison will be given. 

As may be shown by inspection of equation (1) or by trial calcula- 
tions, an indicator has a limited range of pH within which there appear 
appreciable differences in the color of its solution. Therefore, in the 
use of an indicator for the determination of pH, the first step is to select 
that indicator which is suitable for the solution under test. Practically 
it suffices to make preliminary trials with small portions of the tested 
solution and t6 use first an indicator of low pK’, then one of high pK’, 
and to narrow the selection systematically until there is found an indi- 
cator that exhibits a degree of transformation sufficient for the differ- 
entiation of small variations of pH, that is partly in each of its two forms 
at the pH of the solution to be tested. Useful ranges are given in table 
XI. Then proceed according to paragraph 119. 
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118. Preparation of Buffer Solutions 

a. PREPARATION OF Stock Sotutions. (1) M/5 potassium chloride 
solution. The salt should be recrystalized three or four times, and dried 
at 120° C. to constant weight. Use 14.912 gm* per liter of solution. 

(2) M/5 acid potassium phthalate solution. This salt should be crys- 
tallized from solutions at temperatures not lower than 20° C., and the 
M/5 solution diluted to 0.05 should have a pH value close to 4.0. Dry 
the crystals at 110° C. to constant weight. For the stock solution use 
40.836 gm per liter of solution. 

(3) M/5 acid potassium phosphate solution. A 0.025 M solution of 
this salt should show no turbidity on long standing. The salt should be 
dried at 110° C. to constant weight. The stock solution should contain 
27.232 gm per liter of solution. The solution should be distinctly red 
with methyl red and distinctly blue with brom phenol blue. 

(4) M/5 boric acid, M/5 potassium chloride solution. Boric acid 
should be recrystallized several times from distilled water, and dried to 
constant weight at room temperature in a desiccator over calcium chloride. 
One liter of the stock solution should contain 12.405 gm* of boric acid 
and 14.912 gm of potassium chloride. 

(5) M/5 sodium hydroxide solution. For the preparation of sodium 
hydroxide solutions free from carbonate and their standardization, see 
paragraph 133. 

(6) M/5 hydrochloric acid solution. For preparation and standard- 
ization, see paragraph 130. 

b. CoMPosITION OF BUFFER SoLuTions. The compositions of various 
buffer solutions are indicated in table IX. It should be noted that the 
pH scale is constantly undergoing slight revision. The values given in 
the table are doubtless about 0.04 unit pH less than those that are now 
used frequently, but to preserve uniformity with the standards issued 
by the Army Medical School and with the data of earlier reports, no 
revision has been made. 


119. Colorimetric Determination of pH 

a CoMPARISON WITH BUFFER STANDARDS. This is the preferred 
method. 

(1) General. The fundamental assumption is that standard and tested 
solutions have the same pH when each produces the same color with the 
same indicator. Accordingly, the procedure is one of color comparison 
between the solution to be tested and the standard, and for this the fol- 
lowing specifications are essential: 

""* The quantities of materials specified for making up these M/5 solutions were calculated in 


accordance with the atomic weights assigned at the time the measurements of pH were made. 
The specified quantities should be used and not modified in accordance with subsequent changes 


in atomic weights, 
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Table IX. Composition of buffer solutions giving pH values at 20°Ct 


A 
tel fried Final volume pH 
cc ce 
0.00 59.5 SEZ 1) 2 i Oa eal BEC 1.0 
2.72 ree fee Cee ee oN rt 
12.45 i eee eM eR Ooo Ea 192 
20.16 Dee Sem Teeter te TOO GOs on See he A ni es 1.3 
26.30 PaO) ys Phlieter to: t O01 Ces ene i ee ~ 1.4 
31.18 Peau nte: tor POO. GCs temo he ne re 1.5 
35.03 TAD PMnES (OQ: FOONCC ia 2a rr aah ae or 1.6 
38.12 Pi See Prete co eUelices 2h oe sue Fe ho Wey bt Tr 
40.57 PAS er Elece t0s LOO Cosa eae ET eeu 9 1.8 
42.51 Wee aie ter 200 ern od : 1.9 
44.05 Dida h. Dirt tO. OUCOs ec oe ae ke 2.0 
45.27 ASPay  Pilite tor 1G CC see be ee ZA 
46.24 SPY ASGARD ribin 7cig roth | kr ochi ake wnt a i aes ia eatealh a> Sali Oe SERN 2:2 
B 
KH Oi oleae ticr Final volume pH 
cc ce 

50 OL ETE (EO A OM) COS ae es os Dee. 

50 SOHO bre Mute to 2OG Gere 2s sic De ee Fe 2.4 

50 Ga00 -hD lute: £0; 200, Ces ie eee en ae 2.6 

50 2G250- tele: tOl 200 Clie S = aie I 2.8 

50 AU AU Lite tO: 200) CC. ee soe Ga es SY 3.0 

50 Teen erte to Ae Claes ee ae 3.2 

50 CS Srigeniite to: 200 662 sewa fet peas re 3.4 

50 O07: Pithite to-200 Ce ok ice ae ew eS ae te 3.6 

50 2 Gove Pia tectO- 200) CC aes artes) reg ek oT a - 3.8 


KH a iuniiis NuoH Final volume pH 
cc cc 
_ 90 CAG Pilite to. 200:ceS. ess aa kat ees et 4.0 
50 GeO: (aie LO: 2U0;CC Les ae eee ee eT 4.2 
50 Ram litte Mled. 9 Fics 5 cha lep  aet oo 4.4 
50 ee ORE MMT Le too 2O OCC otk ery See ay SN a esis 4.6 
50 Ge SOn ite: tor 200 CCl oem ee Sa 4.8 
50 Zoe CUMS: 10; 200 CC. se ee eee eee 5.0 
50 BOON Ete tO 200 ee: fine Sate ee re te yA 
50 Sea IMEE LO 2 OO: CO sees sein cera pe a ees ee 5.4 
50 SOI oP TCT EOD OO GCL ka eet te ead oe et PN 5.6 
50 AO AO EHO LO 2 OO Ce trkae is ea LL Dee On ale 5.8 
50 Aa taDliterto 20 CE Soci a eis ot coy cry 6.0 
50 BETCOU oP MTs EO: DO COS : o are ae be ere 6.2 


Table IX. Composition of buffer solution giving pH values at 20°Ct—Continued 


D 


EES ee Final volume pH 
cE cc 

50 | BAH On site to: 200 Cees aoe bak say eg ee 

50 5 O01 eDiltate £0 200cCs 28 Ge eas We eee ee 

50 8255). Dilute to, 200:ce 25" See ee eee 

50 12260: Oilnte to: 200i cess os hs ee eat eee 

50 ay a7: Saale BSULC hv ole wo eA 00H ol come MeN I ate seri Os epaie soo 

50 23°60" 1" Dinte't0;200 Cee Sees Sr a ee 

50 29154))| Dilute 16200 e672 ale a ee ee 

50 34:90 |) -Dilate:to 2ZO0iGC ss a ee ee oe 

50 39:34) Dilute to 200ecnee a eo a ee 

50 AD TA Dilute to 200 GES oo 5. Oe ee see ep eee 

50 AS 47 lute to .2 00 sec ae 5 har Ow ee ee, a ee 

50 46:85 -| Dilute-to'200 cea ae he a ee 

E 
ne too wore Final volume pH 
cc cc 

50 2°65: 1s Dilute to 200 teste: tote See ee ee 

50 ZA. 0022 Dilute to: 2O0iee la So ee ie eee eee 

50 5:90 sn ilute to.200 Cesc ae er oer ete 3 
50 8.557] “Dilute to 200 cebae: ose ea eee 8.4 
50 12:00] Diliate to 200 Gere 2 ae ae oe 8.6 
50 164034 Dilute to) 200 Ces 2 Pee SS eee ee 8.8 
50 2ATA0) DD iiteto-200 cee seeks. Ce ee eee 9.0 
50 96570) | aoiluteto: 200 ice mks = he ee 9.2 
50 32:00) Dilute to: 200 cee es ee et ee 9.4 
50 86:85 7) Dilute to 200cce == ee a 9.6 
50 4080") Dilute to.200 ©. a Se a 9.8 
50 43°90" Dilate-to) 200 ces S82 eee ee ee 10.0 


(a) The tested solution must have a buffer action sufficient to prevent 
the added indicator from making a significant change in pH. (This 
seldom has to be considered except for solutions of neutral salts, dis- 
tilled water, or greatly diluted biologic solutions, for which special 


methods must be used.) 


(b) The indicator must be so chosen that it shows significant color 
changes with small changes in pH. 


} It is important to check the consistency of any particular set of these mixtures by comparing 5.8 and 
6.2 phthalate with 5.8 and 6.2 phosphate, using brom cresol purple. Also 7.8 and 8.0 phosphate should be 
compared with the corresponding borates, using cresol red. 
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(c) The standard solution and the solution to be tested must contain 
the same indicator at the same concentration. 

(d) Each solution must be viewed through the same length of ab- 
sorbing column, and the incident light must be of the same intensity. 
(When standard solutions containing the indicator are provided, this 
specification arid (c) above must be met with particular care so that the 
stock solution of the indicator added to the test solution will provide 
the indicator concentration specified for the standards and so that the 
tubes used have the internal diameter of the tubes containing the stand- 
ards.) 

(e) If the solution to be tested is colored or turbid, the effect thereof 
must be compensated. Compensation may be obtained by means of the 
block comparator. 


(2) Method. Place the tube containing test solution and indicator in 
one hole of the comparator and back it with a water blank. At one side 
place that standard plus indicator which is judged nearly to match the 
test solution, and back it with a tube containing a portion of the un- 
treated solution under test. The absorption of light is then that of the 
indicator plus that of the natural color of the test solution. Beside the 
test solution place a similar pair of tubes, one of which is another buffer 
standard of pH lower or higher than the first. Change standards until 
a color-match is obtained or until it is judged that an interpolated pH 
number can be assigned to the test solution. This device serves fairly 
well for solutions of moderate turbidity. 


(3) Sources of error. The primary assumption that two solutions 
have the same pH when their colors match under the conditions speci- 
fied in (2) above, is not always adequate. The standard and the test 
solution may have the same color and yet differ in pH number if one 
solution differs much from the other in total salt concentration. Also 
the pH numbers assigned to buffer standards are strictly valid only for 
a specified temperature. The values of pK’ given in table XI are strictly 
valid only for a temperature of 20° C. and for solutions the total salt 
concentrations of which are near those of the standard buffer solutions. 
A value of pK’ is the sum of a true constant and variable quantity 
dependent in a complicated way on temperature and on all the ions 
present. Indicators may also combine with proteins or they may be 
carried out of the field of action by the formation of complexes with 
metal ions, by absorption on particulate matter, etc. 


(4) Accuracy. For many empirical uses in which no attempt is made 
to analyze the chemical detail and in which the emphasis is on a cor- 
relation between pH and an end-result, it is of less importance to .at- 
tempt the often uncertain corrections for accuracy than to report precise 
measurements made according to the standard procedure here described. 
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If the case demands an accuracy requiring corrections of the apparent 
readings, advanced texts should be consulted. 


b. DETERMINATION WITHOUT STANDARDS. The following method 
requires no buffer solutions. It may be used in an emergency when 
standard buffers are not available. Provide test tubes of equal bore by 
selecting those in which the columns of water are very nearly of equal 
height when each contains exactly 10 cc of water. The variation in 
height of column should be less than 3 percent. Mark each tube at the 
meniscus before discarding the water. Consider the specific case in 
which a preliminary trial shows that phenol red is the proper indicator 
to use. Add 10 drops of a 0.04 percent solution of phenol red to one 
of the tubes, and add the solution under test to the 10-cc mark. Mix 
well. Assume, for example, that phenol red has been transformed so 
that the ratio of the concentration of the red form to that of the yellow 
form is 2:8. Whence by the specific application of equation (1), para- 
graph 117e, 


(reid forma): gh 
pH = 7.8 + log dllow teen) 7.8— 0.6 = 7.2 (2) 


To ascertain that this degree of color transformation has taken place 
it is necessary to obtain a color-match with known ratios of the two 
forms. This is accomplished as follows. To one tube add 2 drops of 
the 0.04 percent phenol red solution and dilute to the 10-cc mark with 
water made sufficiently alkaline (0.01 N NaOH) to convert all the in- 
dicator to the red form. To another tube add 8 drops of the 0.04 per- 
cent phenol red solution and dilute to the 10-cc mark with water made 
sufficiently acid (0.001 N eae to convert all the indicator to the yellow 
form. Avoid excess acid. 


Caution: All indicators of the general structure of phenol red (sul- 
fonephthaleins) exhibit a second color transformation at very low pH. 
(See table XI for the case of thymol blue, which is used to determine 
low pH values as well as high ones.) 

When these two reference tubes are viewed in tandem the resultant 
color should match that of the test solution. Although the 10 drops of 
indicator solution in the two comparison tubes are distributed in 20 cc, 
whereas the 10 drops of indicator solution are in only 10 cc of the test 
solution, the length viewed in the first case is twice that of the second. 
(See Beer’s law.) 

Instead of apportioning the indicator by measured drops, it may be 
apportioned by volumes. 

It is well to use the comparator block and to back the unknown by 
a water blank. If the tested solution is colored to begin with, the prin- 
ciple previously described may be applied with a comparator block ac- 
commodating sets of three tubes in tandem—the tube with acidified in- 
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dicator, the tube with alkalinized indicator, and a tube with test solution 
without indicator in one row and the tube with test solution plus indica- 
tor backed by two water blanks in another row. 


(1) Of course it cannot be predicted that the test solution will con- 
vert the indicator to the 2:8 ratio as assumed in the above example. 
Accordingly, there is prepared a judicious selection of several pairs of 
comparison tubes with the apportionments of 10 drops of phenol red 
solution shown in table X. These pairs, the tubes of which are viewed 
in tandem in the comparator block, are interchanged until a color-match 
with the tested solution is found or approximated. 


(2) Table X and the following equation will serve for any of the 
sulfonephthaleins listed in table XI. The sulfonephthaleins may be 
identified in table XI as those for which a number is given in the last 
column. For the calculation of the pH value use the value of pK’ (table 
XI) for the indicator chosen, the log ratio as found in table X, and the 
following equation: 


drops of indicator solution per 10 cc of alkalinized solution 
pH =pK’ + log (3) 
Les drops of indicator solution per 10 cc of acidified solution 
If it is necessary to use other apportionments of indicator in comparison 


tubes, the log ratios may be found by use of a table of logarithms. It 
also may be advantageous to use a more dilute solution of indicator. For 
precise measurement the indicator solution is apportioned by volume. 


The paired tubes of indicators may be labeled, kept, and used as pH 
standards. If protected from light, in pyrex glass, some of them, nota- 
bly phenol red, will remain unchanged for months. Others, notably the 
halogenated compounds, may fade in alkaline solution. 


120. Use of Indicators in Titrations 


a. When a solution of an acid is titrated with a standard solution of 
an alkali, it is of crucial importance to determine equality in the stoichio- 


Table X. Composition of pH standard solutions 


Pair a b ¢c d € fF h t 


Number of drops of in- 1 2 3 es) 6 8 9 
dicator solution per 
10 cc of alkalinized 
solution. 

Number of drops of in- 9 8 7 65 4 Z 1 
dicator solution per 
10 cc of acidified 
solution. 

Log ratio to be added |—0.95 |—0.60 |—0.37 |—0.18 | O | 0.18 | 0.37 | 0.60 | 0.95 
to pK’. 


metrical equivalents of acid and base (alkali). The so-called “equiva- 
lence point,” or “end-point,” is characterized by a pH number that can 
be detected by means of an indicator. Ideally the pH of the equivalence 
point is unique for each case. It depends principally on the so-called 
“strengths” (as measured by pK’ for weak acids) of the titrated system 
and reagent and on the dilution. 

b. In the titration of a strong acid (HCl or H,SO,) by a strong al- 
kali (NaOH or KOH) the ideal end-point is pH 7.0, which may be 
detected with phenol red, but except for very dilute solutions and for 
extreme precision, a latitude of 1.5 units pH will make an insignificant 
error. If the precision is to be extremely high in any case, allowance 
must be made for the slight buffer effect of the indicator. For weaker 
acids the pH of the equivalence-point is the higher the higher the pK’. 
The equivalence-point cannot be calculated with equation (1) alone be- 
cause a very weak proton donor does not yield that proportion of its 
available protons which corresponds to the proportion of added alkali. 
For example, in the case of boric acid, the stoichiometrical equivalence- 
point is reached before all the boric acid is converted to borate ions. 

c. For all acids with pK’ values less than 6 a fair approximation, 
sufficient for ordinary purposes, is to titrate to pH 8.5, which purpose 
phenolphthalein serves well. Advantage is also taken of the fact that 
the last small addition of alkali (split drop) makes a large change of 
pH. Therefore, when phenolphthalein is the indicator, the solution re- 
mains colorless, except at local regions where mixing is incomplete, until 
the end-point is closely approached, and just at the last, the small addi- 
tion of alkali necessary to attain the end-point changes the pH so much 
that it transforms a readily detectable portion of the indicator to red. 
In all titrations with phenolphthalein it is necessary to guard against the 
effect of atmospheric CO,. Also, the alkali is always added from a 
burette to the acid in a flask, so that the solution in the flask will be 
acid up to the last moment of the titration. A standard solution of 
alkali should always be protected against entrance of CQO,. 


d. For acids of pK’ higher than 6 it is necessary to be the more 
precise the higher the pK’, and, as in the case of boric acid, it may be 
necessary to calculate the required »H accurately and to ascertain when 
it is attained by comparison with a standard. 

e. When ammonia is absorbed in a standard solution of hydrochloric 
or sulfuric acid, and the residual acid is titrated to determine the amount 
of ammonia absorbed, consideration must be given to the following: 
The absorbed ammonia has become ionized (NH,*). If the pH is raised 
too high, protons will be stripped from these ions, and ammonia will be 
regenerated, requiring standard alkali in addition to that necessary to 
titrate the residual acid. Accordingly, the end-point is not pH 7.0, as in 
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titrating the acid alone, but must be considerably lower. If the ammo- 
nium ion is at 0.1 N, the end-point is about pH 5.0, detectable by brom- 
cresol green or methyl red. For more dilute solutions the end-point is 
appreciably higher. It is about pH 5.5 for 0.01 N ammonium ions, and 
pH 6.0 for 0.001 N, the latter being a fairly rigid requirement allowing 
little latitude. In these cases, chlorphenol red is preferred, although 
bromcresol green may be used. | 

f. In the titration of ammonia held by an excess of boric acid, as in 
‘one method, the pH value of the original boric acid solution should be 
restored, and for this purpose it is best to set up a standard. 

g. There are several cases in which titration to an arbitrarily selected 
indicator-change has only the significance that the titer is a measure of 
total buffer effect. The titration of gastric juice to pink with phenolph- 
thalein is a case in point. The empirical uses of the data in such cases 
depend on judgment of how far the specific case departs from a norm. 

h. Reliable indicators are listed in table XI. Litmus (azolitmin) is 
an indicator of variable composition and is not reliable for precise meas- 
urements. Its pH range is roughly: red, 4.5— 8.3, blue. Litmus paper 
is convenient for noting whether a solution is distinctly acid or alkaline. 


Section VI. OXIDATION-REDUCTION REACTIONS 


121. Nature of Oxidation-reduction Reactions 

Fundamentally, an oxidation-reduction reaction consists of a shift of 
electrons, or negative charges, from a reducing agent to an oxidizing 
agent. These reactions, as employed in quantitative analysis, may be 
divided into two types. 

a. The first type is empirical. Analytical methods of this class are 
based on oxidation-reduction reactions that have not been defined in 
stoichiometric terms. Examples of such methods comprise nearly all the 
titrimetric and colorimetric procedures for the determination of reducing 
sugars (par. 196), and the procedure of Fiske and Subbarow for the 
determination of inorganic phosphate (par. 202). 

b. The second type includes procedures that are defined stoichiomet- 
rically. An oxidation-reduction reaction to be placed in this class must 
satisfy certain criteria that have been imposed by theory and experi- 
mentation. Under proper conditions, such reactions must proceed prac- 
tically to completion according to a well-defined process when equivalent 
amounts of the reacting substances are present. If the reaction is used 
in a titration, it must have also the following properties: it must be _ 
practically instantaneous, and the end-point (equivalence-point) must be 
defined sharply by some change in the physical or chemical properties of 
the solution, such as change in color, If the reagents themselves do not 


Table XI. Characteristics indicators 


Cc 0.01 N 
Indicator pK’ pH-range and colors NaOH per 
0.1 gms 

Thymol blue (acid range) - ------------- 1.7 | red, 1.2—2.8, yellow 21.5 
Methyl -yellow®..2 -us02 seep esse Ete 3.3 | red, 2.9—4.0, yellow (c) 
Methyl oranges) 6 ee Serato een Oke 3.5 | red, 3.1—4.4, yellow (e) 
Brompbenol blue-{ 4225 Jeo eee 4.0 | yellow, 3.1—4.7, blue 14.9 
Bromcresol tera soe os eee es 4.7 | yellow, 3.8—5.4, blue 14.3 
Wiethy reds. cee ye ee ee 5.0 | red, 4.2—6.3, yellow (f) 
Cilorphenbl Peas se es ee ee ae 6.0 | yellow, 5.1—6.7, red 23.6 
Bromeresol purple®. 25.050 seo si es eee 6.2 | yellow, 5.4—7.0, purple 18.5 
Bromtaymol blue: : .. 2.22.5. eee ee 7.1 | yellow, 6.1—7.7, blue 16.0 
Paenel ted: oo ee ee ee ee 7.8 | yellow, 7.0—8.6, red 28.2 
Prcsol redec 2 gress Se, eee 8.3 | yellow, 7.4—9.0, red 26.2 
Thymol blue (alkaline range) _---------- 8.9 | yellow, 8.0—9.6, blue 21.5 
Phenolphthalein®.s242.-- 3e2 - oy 9.7 | colorless, 8.3—10.0, red (2) 


8 To make a 0.04 percent stock solution of an indicator for which a number is given in the last column 
grind 0.1 gm of the pure, acid indicator with the number of cubic centimeters of 0.01 N NaOH directed 
and when solution is complete, dilute to 250 cc with distilled water. 


b Methyl yellow (Tépfer’s indicator) (Pdimethylaminoazobenzene) is used in measurements of gastric 
acidity. 


© Stock solution of methyl yellow: 0.01 gm + 0.1 cc 0.1 N HC1 + 80 cc 95 percent ethyl alcohol + 
20 cc water. 


4 Do not use with phthalate buffers. 

© Stock solution of methyl orange: 0.05 gm in 100 cc water. 

£ Stock solution of methyl red: 0.02 gm in 60 cc 95 percent ethyl alcohol; add 40 cc water. 
« Beware of dichromatic effect when used to determine pH of turbid solution. 

h Fades in strong alkali. 


i Stock solution of phenolphthalein: 1 gm in 100 cc 95 percent ethyl alcohol; more dilute solutions are 
made by diluting the stock solution. ‘ 


provide a means of detecting the end-point, it must be possible to add 
a third substance, an indicator, which reacts only when the main re- 
action is complete. This type of precise volumetric analysis requires 
consideration of various details, which are presented in the following 
discussion. 


122. Calculation of Equivalent Weight of an Oxidizing or Reduc- 
ing Agent 

a. It is convenient to employ a unit of concentration for solutions of 
oxidizing or reducing agents that provides a simple relation to solutions 
of other oxidizing and reducing agents, regardless of their nature. This 
_is attained by expressing ‘concentrations in terms of a normal solution, 
or multiples or fractions thereof. A normal solution is one that contains 
1 gram-equivalent weight of solute per liter of solution. The definition 


for a gram-equivalent weight of an oxidizing or reducing agent is based’ 
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on the fundamental fact that an oxidation-reduction reaction consists of 
an exchange of electrons. The gram-equivalent weight of an oxidizing 
or reducing agent is equal to the gram-molecular weight of the com- 
pound divided by the number of electrons exchanged per molecule in the 
particular oxidation-reduction reaction involved. Information concerning 
a particular reaction employed in volumetric analysis must be based on 
previous experimentation and can be obtained by reference to standard 
textbooks of quantitative analysis. (See app.) 

b. To illustrate the utilization of such information, one may consider 
the titration of a solution of iodine (I,) by means of a solution of 
sodium thiosulfate (Na,S,O,). The essential features of the reaction 
involved can be represented according to the following ionic equation: 


Ie-+2 S,0:7,2 I-+S.Oc" (1) 


c. The accompanying cations, Na, remain unchanged in the reaction, 
hence they are omitted from equation (1). Evidently in reaction (1) 
negative electric charges have changed position. The unit charge is the 
electron. For the purpose of examining the electronic exchange involved 
in reaction (1), it may be separated into two half-reactions: 


I,4+-2e22 | er (2) ' 
2 S,037 —2<-> S05 (3) 


where « represents the electron. These equations provide a balance- 
sheet by which one may account for the various atoms, ions, and electric 
charges. Of great importance is the fact that they permit the calculation 
of the equivalent weights of the reactants. From equation (2) it may 
be seen that the gram-equivalent weight of iodine for this reaction is 
equal to the gram-atomic weight, inasmuch as one electron is accepted 
by each iodine atom. Equation (3) indicates that one electron is donated 
by each thiosulfate ion, therefore the equivalent weight of sodium thio- 
sulfate (Na,S,O,.5H,O), for this reaction, is equal to the molecular 
weight. Other examples of oxidation-reduction reactions are given be- 
low, and additional reactions and half-reactions are specified in text- 
books. . 


d. It must be emphasized again that in order to describe an oxidation- 
reduction reaction in terms of chemical equations, such as those pre- 
sented below, it is necessary to know the products of the reaction under 
the particular conditions employed in the determination: Such infor- 
mation has been acquired by careful and thorough experimentation. 
Usually it is necessary to control precisely the conditions for a given 
oxidation-reduction reaction in order that it may be applied in quanti- 
tative analysis. Therefore, in examining the following equations, it 
should be recognized that carefully defined conditions are implied. The 
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equations are presented merely as a convenience for the caiculation of 
stoichiometric equivalents of the reactants for the particular conditions 
described in the practical sections of this manual. 


123. Examples of Oxidation-reduction Reactions and Their 
Application 
a. STANDARDIZATION OF THIOSULFATE WiTH JoDATE. In acid solu- 
tion iodates (1O,) oxidize iodides according to the following reaction: 


103 +5I-+231.+3H20 (4) 


Thus, there is produced by the action of an iodate ion upon an excess 
of iodide (in the presence of acid) six atoms of iodine, hence the equiv- 
alent weight of an iodate (such as KIO,) is one-sixth of the gram- 
molecular weight. This reaction, in conjunction with the reaction of 
equation (1), is employed in the determination of chloride by the method 
of Sendroy. (See par. 201.) 


b. STANDARDIZATION OF THIOSULFATE WiTH PoTAsstumM DICHRO- 
MATE (par. 138). For this standardization, iodide in an acid solution is 
oxidized to iodine by means of primary standard dichromate (Cr207) 
according to the following equation: 


Cr,0F7+61714Ht— 2Crtt+t++31,.+7H,0 (5) 


The iodine produced in reaction (5) then is titrated with thiosulfate 
according to reaction (1). Inasmuch as six iodine atoms are produced 
by the action of one dichromate ion upon an excess of iodide (in the 
presence of acid) as represented in equation (5), the equivalent weight 
of potassium dichromate (K,Cr,O,) for this reaction would be equal to 
one-sixth of the molecular weight. 


c. STANDARDIZATION OF Oxatic Acip WITH PERMANGANATE. In the 


titration of oxalic acid with permanganate the following reaction occurs: 


2MnO7+16Ht+5C,07— 2Mntt-+10CO,+8H;0 (6) 

This reaction can be represented according to two half-reactions: 
-2MnO7+10e+16Ht— 2Mntt-+8H,O0 (7) 
5C,04—10e> 10CO, (8) 


From equation (7), the equivalent weight of potassium permanganate 
(KMnO,) is one-fifth the molecular weight inasmuch as each perman- 
ganate ion accepts ‘five electrons. The equivalent weight of sodium 
oxalate (Na,C,O,) is one-half the molecular weight (from equation 8). 
This reaction is employed in the determination of calcium in serum by 
the method of Clark and Collip. (See par. 373.) 
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Section VIl. VOLUMETRIC TITRATIONS AND SOLUTIONS 


124. Reactions and Technics of Volumetric Analysis 

a. Reactions. In a volumetric titration the amount of Substance A, 
which is to be determined, is estimated from the volume of a standard 
solution of Substance B required to react quantitatively with A. The 
standard solution of Substance B is added from a burette until the end- 
point (par. 127) is reached. Various reactions are used in volumetric 
titrations, but the methods described in this manual employ either acid- 
alkali reactions (par. 120) or oxidation-reduction reactions (pars. 121 
and 123.) 

b. Tecunics. The technics of handling volumetric flasks, burettes, 
pipettes, and cylinders are discussed in section III of this chapter. Gross 
errors can occur unless proper technic is employed. 


125. Definition of Molar and Normal Solutions and of Normality 
Factors 

a. Morar Sotution (Abbreviation: M). A molar solution of a 
substance contains 1 gram-molecule, or mole, of the substance per liter. 
The molecular weight of NaCl being 58.454, a molar solution contains 
58.454 grams of NaCl per liter. 

b. NorMAL Sotution (Abbreviation: NV). A normal solution is one 
which contains per liter 1 gram-equivalent of the reacting solute. In an 
acid-alkali titration a gram-equivalent is the weight in grams of a sub- 
stance which will, if an acid, donate, or if an alkali, accept, the protons 
of 1.008 gm of hydrogen under the conditions specified. (See par. 120.) 
For HCl and NaOH a gram equivalent is 1 mole. For H,SO, and 
Ba(OH), a gram-equivalent is 4% mole. For H,PO, titrated with NaOH 
to NaH,PO, (pH 4.4) a gram-equivalent is 1 mole, but when titrated 
to Na,HPO,, with the end-point at pH 9, a gram-equivalent of H,PO, 
is Y% mole. In oxidation-reduction titrations a gram-equivalent of any 
reagent is 1 mole divided by the total number of electrons exchanged per 
molecule of the reagent in the particular reaction involved in the titration. 
(See par. 122.) 

c. NorMALITy Factor oF STANDARD SoLuTiIon. The meaning of the 
“normality factor” is indicated by an example. If a solution designated 
as 0.1 N is found on standardization to be 0.1009 N, it is 1.009 times 
its designated concentration and its “tenth-normal factor’ is 1.009. The 
factor 1.009 is the number by which any volume of this solution must 
be multiplied to calculate the equivalent volume of exactly 0.1 N solution. 
In general, if F is the tenth-normal factor of a solution, V cc of the 
solution represent F & V cc of exactly 0.1 N solution; and if F is the 
hundredth-normal factor of a solution, V cc represent F & V cc of ex- 
actly 0.01 N solution, etc. 
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126. Primary and Secondary Standards and Their Use in Prepar- 
ing Standard Solutions 

a. Derrnitions. (1) A primary standard is an accurately titratable 
material, of exact composition, which can be precisely weighed under 
laboratory conditions. A desirable property is a large equivalent weight ; 
this contributes to accuracy in weighing. 

(2) A secondary standard is a substance suitable for standard solu- 
tions, but not for precise weighing ; hence its solutions must be standard- 
ized by titration against a primary standard. The majority of standard 
solutions employed in routine analyses are prepared from secondary stand- 
ards, because the qualities of convenience and economy required in 
routine analysis are not often combined with the properties required of a 
perfect primary standard. 

b. PREPARATION OF STANDARD SOLUTIONS OF PRIMARY STANDARDS. 
The theoretical weight of primary standard is accurately weighed, quan- 
titatively transferred to a volumetric flask, dissolved, and the solution is 
diluted to volume, and thoroughly mixed. 


c. PREPARATION AND STANDARDIZATION OF STANDARD SOLUTIONS OF 
SECONDARY STANDARDS. (1) Preparation. A preliminary solution is 
usually first prepared, somewhat stronger than the desired normality, and 
its normality factor is determined by titration against a primary stand- 
ard. The preliminary solution is then diluted to the exact extent calcu- 
lated to attain the desired normality, as described in paragraph 129. The 
accuracy of the final solution is checked by again titrating against the 
primary standard. The titrations against the primary standard may be 
done by either of the following two technics: 

(2) Standardization. (a) Titration against weighed portions of pri- 
mary standard. Portions of the primary standard substance, sufficient to 
react with 20 to 25 or 40 to 50 cc of the solution are accurately weighed 
and dissolved, then titrated with the solution of the secondary stand- 
ard, delivered from a 25- or 50-cc burette. The normality factor, F, of 
the secondary standard solution is calculated as 

f= mg of P; 


(equivalent weight of P:) X Na X (cc of S) 
P, is the primary standard, S is the solution of secondary standard, Na 


is the designated normality (for example, 0.1) of the secondary standard. 

In this procedure the only error in measuring the primary standard is 
the error of the weighing, which can be kept to less than 1 part per 1,000 
if more than 100 mg of primary standard is weighed, as is usually the 
case when the normality of the solution of secondary standard is 0.1 
or more. 

(b) Titration against standard solutions of primary standard. Portions 
of a primary standard solution, of the normality designated for the sec- 
ondary standard, are measured from a transfer pipette calibrated to 1 
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per 1,000 accuracy, and are titrated with the solution of secondary stand- 
ard; or the secondary standard solution may be measured from a pipette 
and titrated with the solution of the primary. The normality factor, F, 
of the secondary solution is calculated as: 

r= ce of solution of primary standard _ 

cc of solution of secondary standard 
In this procedure the measurement of the primary standard is subject 
to the combined errors of the preparation of the primary standard solu- 
tion (errors of weighing and diluting to volume) plus the error of meas- 
uring the portion of primary solution titrated. If each of these three 
errors should be 1 part per 1,000, the total possible error would be 3 parts 
per 1,000. Standardization against solutions of primary standards is 
generally less exact than standardization against weighed portions, unless 

the solution standardized is considerably more dilute than O.1 N. 


d. AciD AND ALKALI STanpaRDs. (1) Primary acid standards. Con- 
stant boiling hydrochloric acid solution is cheap, easy to prepare, and has 
a composition which can be fixed with an accuracy within 1 part per 
10,000. Its volatility is so low that it can be weighed to 0.1 mg in an 
open Erlenmeyer flask, even in the small amounts (for example, 300 to 
400 mg) required for individual titrations to standardize 0.1 N alkali. It 
can be used with end-points at all pH’s employed in acid-alkali titrations. 
Constant boiling HCl is the primary acid standard of choice when facili- 
ties for preparing it by distillation are available. The equivalent weight 
of the solution is given in table XII. Potassium acid phthalate (KHC, 
H,O,, eq. wt. 204.2) (Bureau of Standards grade of purity) is also an 
excellent standard. It has the limitation that it requires an end-point at 
pH 8 or higher (phenolphthalein). Hence if significant amounts of CO, 
are present in the alkali solution titrated, inaccuracy results unless the 
CO, is removed by boiling as the end-point is approached. Potassium 
bi-iodate [KH(IO,)., eq. wt. 389.94] has excellent properties; its high 
equivalent weight facilitates accurate weighing in standardization of dilute 
alkali solutions against weighed portions of the bi-iodate. 


(2) Secondary acid standards. Sulfuric acid (H,SO,, eq. wt. 49.04), 
because of its cheapness and the stability of its solutions, is most practical 
for acid standard solutions used in routine analyses. (Hydrochloric acid 
is not quite so stable.) 

(3) Primary alkali standards. Anhydrous sodium carbonate (Na,COs, 
eq. wt., 53.00) is used as a primary alkali standard, but unless kept se- 
curely protected from the atmosphere it is likely to absorb both moisture 
and CO,; either makes it inaccurate for use as a primary standard. Heat- 
ing to 110° C. drives off the moisture, but 300° C. is required to change 
back to Na,CO, any NaHCO, formed from exposure to the atmosphere. 
End-points at pH 6 or lower are used, and when an apparent end-point 
is approached by addition of acid, it is necessary to boil off the CO, 
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hefore titrating to the true end-point. Sodium tetraborate (borax) 
(Na,B,O,.10H,O, eg. wt. 190.7 with end-point at pH about 5.) is accu- 
rate if there is entire certainty that the water of crystallization accords 
with the formula, but unless an analyzed preparation is available the com- 
position may be uncertain. In view of the drawbacks in use of the 
commonly available primary alkali standards, it is usually more reliable 
to standardize a solution of a secondary acid standard, such as sulfuric 
acid, by comparison with a standard solution of HCl, as described in 
paragraph 131, or by similar comparison with acid phthallate or bi-iodate 
standard solutions. 

e. OxIDIZING AND RepucinG STaNpaArDs. (1) Primary oxidizing 
standards. Potassium iodate (KIO,, eq. wt. 35.67), potassium bi-todate 
KH(IO,),, eq. wt. 32.50) and potassium dichromate (K,Cr,O,, eq. wt. 
49.04), have satisfactory properties. Potassium dichromate can be dried 
at 200° C. The iodates are convenient for routine analyses, as well as 
for standardizing other solutions. 

(2) Secondary oxidizing standards. Potassium permanganate 
(KMnO,, eq. wt. 31.60) and ceric sulfate (Ce(SO,)., eq. wt. = mol. 
Wi-352.20)% 

(3) Primary reducing standards. Arsenious oxide (As,O,, eq. wt. 
49.46), sodium oxalate (Na,C,O,, eq. wt. 67.00), and pure electrolytic 
iron (eq. wt. 18.61), are used to standardize solutions of secondary 
oxidizing standards, such as permanganate and ceric sulfate, but are not 
much used in routine analyses. 

(4) Secondary reducing standards. The reducing standard used in 
the greatest variety of oxidation-reduction analyses is sodium thiosulfate 
(Na,S,O,.5H,O, eq. wt. = mol. wt. = 248.19). In routine biochemical 
analyses it is almost the only reducing standard employed. It is stand- 
ardized against potassium iodate or dichromate. 


127. End-points and Indicators 

a. The end-point, or equivalence-point, of a titration is reached when 
exactly equivalent amounts of the two reagents have been mixed. The 
end-points in some titrations are detectible without addition of indicators; 
thus, in the titration of 0.1 N iodine solution by 0.1 N sodium thiosul- 
fate, the end-point can be detected by the disappearance of the yellow 
color. In many titrations, however, it is necessary to add an indicator, 
which reacts. with a slight excess of one of the reagents to produce a 
visible change. Thus, in the titration of highly dilute iodine solutions, 
such as 0.01 N, by sodium thiosulfate, the disappearance of the iodine 
color is not sharp, and starch indicator is added. Acid-base indicators 
have already been discussed. (See par. 117 through 121.) 

b. In some, but not all, titrations, a slight excess of the reagent added 
from the burette is necessary to make the end-point visible. However, 
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when the standard solution used is 0.1 N or stronger, the excess required 
to give the end-point, even in titrations where an excess is theoretically 
needed, is usually negligible. When titrations requiring an excess are 
done with more dilute solutions, such as 0.01 N, it may be necessary to 
perform control titrations on water or suitable solutions to determine 
how much excess of standard solution is required to give the end-point; 
this amount is subtracted as a correction in each analysis. 

c. The amount of each indicator to add is determined by trial. A mini- 
mum of indicator is likely to be desirable when the indicator changes 
from one color to another. When, on the other hand, the change is from 
colorless to colored a large excess of indicator may make the end-point 
visible with minimal excess of reagent. In acid-base titrations with the 
colorless-to-red change of phenolphthalein, when the desired pH at the 
end-point is on the lower edge of the red range at pH 8.3-8.4, a generous 
addition of the phenolphthalein indicator makes the initial pink readily 
detectable. 


128. Temperature Effects on Solution Volumes 

a. Within the range of ordinary laboratory temperatures, a tempera- 
ture shift of 5° C. causes a volume change of about 1 part per 1,000 (for 
exact volume changes of water, or solutions not over 0.1 N in concen- 
tration, see table VII). It is desirable to prepare standard solutions at 
about the average laboratory temperature at which they will be used. 
Then laboratory deviations from this temperature will ordinarily cause 
errors of less than 1 part per 1,000. In titration of one standard solu- 
tion against another, room temperature does not influence the results, 
because the percentage effects of its changes are the same on both solu- 
tions. 

b. Volume effects of temperature change are much less on glassware 
than on water solutions; within the range of room temperature, the 
effects on glassware may usually be neglected. With Pyrex glass the 
volume changes per 1° C. change in temperature is only 1 part in 100,000; 
with ordinary glass, 2 or 3 parts per 100,000. 


129. Adjustment of Standard Solutions 

In preparing a solution of secondary standard, it is convenient to make 
the concentration at first somewhat more than the exact normality de- 
sired. The preliminary solution is then standardized, and is diluted to 
bring it exactly to the desired normality. If the volume of the prelimi- 
nary solution left after standardizing it is V cc, and its normality factor 
is F, the solution is diluted to FV cc to bring the factor down to 
1.000. For example, if the preliminary factor is found to be 1.020, and 
the volume of solution is 950 cc, this solution is diluted to 1.020 « 950 = 
969 cc, by adding 19 cc of water, to make the final factor 1.000. 
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130. Standard Hydrochloric Acid Solutions From Constant- 
boiling HCI Solution (Hulett and Bonner, J. Am. Ch. Soc., 31, 


390 (1909) ) 

a. GENERAL. When a hydrochloric acid solution of approximately 6 N 
concentration is distilled, the acid in the undistilled portion approaches 
a constant concentration, which depends on the barometric pressure at the 
time of distillation. If boiling is continued, water and hydrochloric acid, 
then distill off in constant proportions definable to 1 part in 10,000. The 
distillate then obtained is the “‘constant-boiling’’ solution. 

b. PREPARATION OF CoNsTANT-BoiLttnc HCl Sortution. To concen- 
trated hydrochloric acid (specific gravity 1.19 to 1.20), add an equal 
volume of water. Bring the solution to a density of 1.096 to 1.098. (lf 
a hydrometer is not available, weigh 10 cc, delivered from a calibrated 
pipette into a weighing bottle, to determine the density.) Place 500 to 


Table XII. Constant-boiling hydrochloric acid solution (Hulett and Bonner) * 


HCI concentration 


Barometric pressure petckat by Weight 


E=equivalent 


Scare mee (gm HCI per 100 solution ¢ 
rs ee ee ed ore 20.585 ‘ 176.99 
Buttle sutca ck wee ee 20.560 177.19 
G30 ae pias ese Rs ee 20.532 177.43 
El el ee ay a 20.504 177.67 
06 4 Ry OR RIAN 20.471 179.94 
SSI RS hoe apg er Bs Dash an basen 20.438 178.24 
EL SAREE SEES Seam eee ts 20.417 178.43 
1 gh RRR alban tog deel aes Pa 20.396 178.62 
“ae peace 20.375 178.37 
RRs ak cals! Spun ik Aan 5) 20.354 179.00 
1 RN Oe 20.333 179.19 
1 I Reh ERS REL oh LPI A 20.312 179.38 
«dl apa AE aa 20.293 179.56 
Fi, COIS SEMA Sas I 20.296 179.77 
[SS rcpt 20.245 179.98 
Y 5s Vieaia essai i oe bee ae 20.221 180.19 
hs Pe Rigel ea By pM elk Re 20.197 180.41 


fel aga peli Opeagetl ani OM RAAT 20.173 180.62 


* Values for pressures 730 to 780 mm corrected by Foulk and Hollingsworth (J.Am.Ch.Soc.,45, 1220 
(1923) ); values for pressures 610 to 660 mm added by Bonner and Branting (J.Am.Ch.Soc.,48, 3093 
‘1926) ); values for pressures 670 to 720 mm interpolated. 

} E=gm of solution required to make 1 liter of 1 N HCl! solution. 

0.1 E=gm of solution required to make 1 liter of 0.1 N HCI solution. 

} Also: E=mg of solution equivalent to 1 cc of 1 N HC1 solution. 
0.1 E=mg of solution equivalent to 1 cc of 0.1 N HCI solution. 

The weights under £ are for the solution weighed in air. If weighed in vacuum the weights would be 
about 1 part per 1,000 greater. j 
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2,000 ce in a distilling flask of capacity 1.3 to 1.5 times the volume of 
solution. In the flask place 10 1-inch lengths of Pyrex glass tubing of 
1 or 2 mm diameter, to promote smooth boiling and prevent overheating. 
Protect the sides of the flask with asbestos, so that hot gases from the 
flame will not overheat the vapor space. Use a straight tube condenser. 
Distill away three-fourths of the liquid at such a rate that about 2 hours 
are required. Save this distillate as starting material for a second lot. 
The remaining one-fourth has the composition given in table XII. Of 
this quarter, distill three-fourths and collect the distillate; during collec- 
tion keep the end of the condenser inserted into the receiving flask and 
near, but not dipping into, the liquid in the receiver. Read the barome- 
ter at the beginning and the end of the distillation of this last portion; 
average the readings and correct the average barometer reading for the 
room temperature. (With sufficient accuracy 2 mm may be subtracted 
as the correction at 15° to 20°, 3 mm at 20° to 27°, 4 mm above 27°.) 
The distillate is stored in a glass-stoppered bottle with a vaselined stop- 
per. It keeps indefinitely. The number of grams of solution that con- 
tain 1 gram-equivalent of HCl is indicated by the third column of 
table XII. The bottle is labeled with this number, and with the baro- - 
metric pressure at which the acid was distilled. 

c. Hyprocutoric Acip Sotution, O.1 N. Of the constant-boiling 
acid 16.4 cc (approximately 18 gm) is measured into a 50-cc Erlenmeyer 
flask which has previously been weighed to 1 mg. More of the constant- 
boiling acid is added to or withdrawn from the flask with a medicine 
dropper until the weight of the solution in the flask is within 5 mg of the 
amount required for 1 liter of 0.1 normal solution (0.1 E., table XII). 
The acid is then at once diluted by adding nearly enough water to fill the 
50-ce flask, and the 50-cc flask is filled five times with water and emptied 
into the 1 liter flask. The liter flask is then filled about three-quarters 
full by addition of water, with which the acid is mixed by whirling. The 
solution is then diluted to the mark, and is mixed by inverting the flask. 

If kept in an ice box the 0.1 N solution is stable. If exposed to ordi- 
nary laboratory conditions of light and temperature, however, the acid 
may weaken at the rate of 1 or 2 percent per year, apparently because 
of reaction with atmospheric oxygen. For precise use, the 0.1 N HCl 
should either be prepared fresh once in 2 months, or should be kept in 
an ice box and brought to room temperature only when being used. 

d. Hyprocutoric Acip, 1.0 N. To prepare 250 cc of 1 N solution, 
41 cc of the constant-boiling acid is placed in a weighed 50 cc Erlenmeyer 
flask. With a medicine dropper, solution is added to or withdrawn from 
that in the flask until the weight of solution is within +10 mg of the 
weight containing 0.25 gram-equivalent of HCl (0.25 E, table XII). The 
solution is then poured into a 250-cc volumetric flask. The Erlenmeyer 
flask is washed repeatedly with water until the washings nearly fill the 
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250-cc flask, the added washings being mixed by whirling with the solu- 
tions in the flask. The volume is finally made up to 250 cc with water. 


131. Standardization of Solutions of Other Acids by Comparison 

With Standard HCI Solutions 
With a transfer pipette measure into a 125-cc Erlenmeyer flask 20 or 25 
cc of HCl solution of the normality for which the other acid solution is 
designed (for example, 0.1 or 1.0 NV). With the same pipette the same 
volume of the other acid solution is measured into another 100-cc Erlen- 
meyer flask. The two acid solutions are titrated with standard sodium 
hydroxide solution delivered from the same burette, which is filled to the 
zero point for each titration. The normality factor of the unknown acid 
solution is calculated as: 

i eee Me of NaOH solution used for unknown acid 

cc of NaOH used for standard HCl 

This procedure eliminates the effects of errors of calibration of different 
pieces of apparatus and of error from inaccurate standardization of the 
NaOH solution. 


132. Standard Sulfuric Acid Solutions (H.SO,—99.08) 


a. SutFuric Acip, 1.0 N. This solution is half molar. Prepare 
a preliminary solution of somewhat more than normal concentration by 
adding slowly, with stirring, 31 cc of concentrated sulfuric acid (sp. g. 
1.84) to 1 liter of water. Cool to room temperature and standardize by 
comparison with 1.0 N hydrochloric acid solution, as described in para- 
graph 131. Use the preliminary factor thus obtained, and dilute to factor 
1.000, as described in paragraph 129. The diluted solution is checked by 
comparing again with 1.0 N hydrochloric acid solution. If 1.0 N HCl 
from the constant boiling solution is not available, the preliminary and 
final factors of the 1.0 N H,SO, may be determined by titration against 
1.0 N NaOH that has been standardized against weighed portions of 
constant boiling HCl solution or of potassium acid phthalate, as described 
in paragraph 133. 

b. 0.1 N anp OTHER Ditute Sutruric Acip Sotutions. These are 
prepared by dilution of the 1.0 N solution, and are checked by compari- 
son with standard hydrochloric acid solutions (par. 131), or by titration 
with standard sodium hydroxide solutions. 


133. Standard Sodium Hydroxide Solutions (NaOH—40.01) 

a. PREPARATION OF CONCENTRATED SOLUTION OF MinimMAL CARBON- 
ATE CONTENT. Dissolve 100 to 5,000 gm of pure sodium hydroxide in an 
equal weight of water in a Pyrex flask or an earthenware jar. The solu- 
tion becomes hot, and would be likely to break a glass vessel other than 
Pyrex. Cool to room temperature and transfer to a paraffin-lined bottle 
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(see below) or to a cylinder closed with a paraffin-lined stopper. Sodium 
carbonate (Na,CO,) is practically insoluble in the concentrated sodium 
hydroxide, and settles to the bottom in a few days. The clear solution 
is 18 to 20 N. 

If much of this solution is used, it is desirable to begin with at least 
2,000 gm of sodium hydroxide. The clear solution is transferred for stor- 
age to a 4-liter paraffin-lined aspirator bottle, which is protected by a 
soda-lime tube in the top and has inserted in the bottom outlet, a short 
glass tube, which bends downward and passes into a heavy-walled rubber 
tube, 7 or 8 cm long, that is closed by a screw-clamp. The rubber tube 
connects with a glass capillary tube of 2 mm bore, 5 to 7 mm outer 
diameter, and about 10 cm length, which serves as outlet. A rubber 

stopper is fitted over the glass capillary a few cm above the tip. A heavy- 
walled test tube fitted over this stopper prevents atmospheric CO, from 
forming a crust of Na,CO, about the capillary outlet. 

From 5 to 5.7 ce of the alkali solution diluted to 1 liter makes a 0.1 NV 
solution. The amount required is found to within 0.1 cc by trial and is 
marked on the bottle. 

b. 1.0 N NAOH Sotution, (1) Preliminary solution. A preliminary 
solution somewhat stronger than 1.0 N is first made and standardized, 
and is then diluted to exactly 1.0 N. Ina 1-liter volumetric flask place 
about 800 cc of water and add somewhat more than enough of the con- 
centrated NaOH solution to make 1 liter of normal solution; usually 
60 ce of the concentrated solution suffices. Stopper the flask and mix 
the solutions by rotating. The solution warms. Cool it to room tem- 
perature, dilute to the mark with water, and mix by repeated inversion. 
Standardize by either of the following methods. 

(2) Standardization against weighed portions of constant-boiling HCl 
solution. Weigh a 50-cc Erlenmeyer flask to within 1 mg. With a 
graduated 5-cc pipette measure into the flask 3.65 cc (approximately 4 
gm) of the constant-boiling solution. Weigh the flask plus the solution 
to within 1 mg. Then at once add 10 cc of water, and stopper the flask 
until feady to titrate. Prepare three flasks thus with weighed portions 
of constant-boiling HCl. Titrate the solutions with the preliminary © 
NaOH. solution delivered from a 25-ce burette. The 1.0 normal factor 
of the NaOH solution is calculated as: 

mg constant boiling HCI solution 
1.0 N factor = E Xcc NaOH solution 
E is the equivalent weight of the constant-boiling HCl! solution indicated 
by table XII. (For the solution distilled at 760 mm pressure E = 180.19.) 

(3) Standardization against acid potassium phthalate. Bureau of 
Standards phthalate must be used. Weigh three portions of 4 to 4.5 gm 
each of the phthalate and transfer each to a 250-cc Pyrex Erlenmeyer 
flask. Add 100 cc of water to one of the flasks, Holding the flask in a 
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' pair of tongs or a test-tube holder, heat over a free flame until the phtha- 
late is dissolved and the solution begins to boil. Then at once add 10 
drops of 1 percent phenolphthalein solution and titrate with the NaOH 
solution from a 25-cc burette. Repeat with the other two flasks. The 
1.0 N factor of the NaOH solution is calculated as: 
mg phthalate 
1.0 N factor= 43% = NaOH solution 

(4) Dilution to exact normality. The preliminary solution left after 
standardizing is diluted to 1 N as described in paragraph 129. The ac- 
curacy of the final solution is checked by standardization against either 
constant-boiling HCl or phthalate as described above. 

c. 0.1 N NaOH Sorvution. (1) Preparation. (a) From 1.0 N 
solution. Place 800 ce of water in a 1-liter volumetric flask. Measure 
100 ce of the exact 1.000 N NaOH in a 100-cc volumetric flask and pour 
into the liter flask. Rinse adherent alkali in the 100-cc flask into the 
liter flask with several portions of water, add enough additional water to 
make the volume up to 1 liter, stopper at once, and mix by inversion. 

(b) From concentrated NaOH solution. Make a preliminary solution 
as described for 1 N solution, except that about 6.0 instead of 60 ce of 
the concentrated solution is used. Standardize the solution, as described 
below, then dilute to exactly 0.1 N concentration, as described in para- 
graph 129, and standardize again. 

(2) Standardization against weighed portions of constant-boiling HCl 
solution. (a) Weigh a 50-cc Erlenmeyer flask to within 0.1 mg. For 
weighing with such accuracy the flask must be at the temperature of the 
balance, and must be handled with tongs, not by the hands, which might 
warm it enough to affect the weight. After the weighing, place 400 mg 
of additional weights on the right-hand pan. Remove the flask from the 
balance with tongs, and run into the bottom 0.365 cc of the constant- 
boiling HCl measured from a l-ce graduated pipette. This will give 
400 +5 mg. The flask is replaced on the balance and weighed again to 
within 0.1 mg. Then 10 cc of water is at once added, and the flask is 
stoppered until titrated. | 

(b) The constant-boiling HCl solution volatilizes so slowly from the 
open flask during weighing that about 10 minutes are required for the 
loss to amount to 1 part per 1,000. The weighing of the flask plus acid, 
as described, with the weights to within 5 mg already on the pan, takes 
only 1 or 2 minutes, so that loss by volatilization is negligible, and use 
of a stoppered flask for the weighing is unnecessary. 

(c) The HCl solution in the flask is titrated with the O.1 N NaOH 
from a 25-cc burette. The 0.1 N factor of the NaOH solution is calcu- 


lated as: 
__ mg constant-boiling HCl solution 
0.1 N factor = 0.1 E X ce NaOH solution 


124 


E is the equivalent weight of the constant boiling solution indicated by . 
table XII. (For the solution distilled at 760-mm pressure 0.1 E == 18.02). 


(3) Standardization against weighed portions of acid potassium 
phthalaie. Bureau of Standards phthalate must be used. Weigh three 
portions of 400 to 450 mg each to within 0.1 mg and transfer to 50-cc 
Erlenmeyer flasks. Add 10 cc of water to each, heat each in turn until 
the solution begins to boil, add 5 drops of 1 percent phenolphthalein solu- 
tion and titrate the hot solution with the NaOH solution from a 25-cc 
burette. The end-point is the first pink color that pervades the entire 
solution for 15 seconds. 


mg phthalate 
0.1 N factor = 20.42 X cc NaOH solution 
d. 0.01 N NaOH Sorution. Alkali solutions of this order of dilution 


are prepared by exact dilution of standardized 0.1 N solution. They are 
so sensitive to change by contact with air or glass that it is often prefer- 
able to prepare them daily, rather than to use the ns taaceete precautions 
to keep them. 


é. STORAGE OF STANDARD ALKALI SoLuTions. Standard solutions of 
alkali should be protected against absorption of carbon dioxide from the 
atmosphere by requiring all air that enters the stock bottle to pass through 
tubes containing granules of soda lime. To prevent fine particles of the 
soda lime from being carried in by an air current, there should be a firmly 
packed plug of cotton, 2 or 3 cm thick, between the soda lime and the 
solution. As an added precaution, bend the narrow stem of the tube, so 
that the barrel containing the soda-lime hangs down over the shoulder of 
the bottle. 

Alkaline solutions act on glass and thereby the titer is changed. If the 
glass is relatively resistant, such as Pyrex, the action is usually so slow 
that 1.0 N or 0.1 N solutions will change by less than'1 part per 1,000 
in 1 month, but more dilute solutions of alkali change more rapidly in con- 
tact with glass, even if the latter is Pyrex. 

To protect a standard solution of alkali against action on glass, 
the inside of the container should be coated with paraffin of melt- 
ing point not less than 55° C. Before paraffining a bottle, thoroughly 
clean and dry it. Warm the bottle to a temperature only slightly above 
the melting point of the paraffin and pour in sufficient melted paraffin 
to make a thick coat. While the bottle cools roll it gently to distribute 
the coat evenly, and just before the last portion of paraffin solidifies, stand 
the bottle upright to allow the excess of paraffin to collect on the bottom 
and to form a substantial layer. In warm climates even paraffins with 
the highest melting points may soften and give way. Cracks in the par- 
affin should be watched for, lest there be a false sense of security. 

For room temperatures above 35° C., wax of higher melting point must 
be used. The mineral. wax (Cerasin) can be used. 
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f. Errects or CO, AND Disso_vep GLass oN STANDARD NAOH Sovu- 
TIONS. (1) Absorption of CO, has the effect of neutralizing some of the 
alkali, and thereby lowering the normality factor of the solution. The 


effect is greatest when an end-point like that of phenolphthalein, above 


pH 8, is used. Titration to this end-point leaves the CO, practically all 
in the form of NaHCO,, so that each mole of CO, present decreases 
the alkali titer by one equivalent. When a lower pH is used as end- 
point, the CO, has less effect; at pH 6 the effect is only half as great, 
and at pH below 5 it is slight, because nearly all the NaHCO,, in titra- 
tion against HCl, is changed to H,CO, and NaCl. 

(2) Solution of silicate from glass increases the normality factor of the 
standard solution, especially when the end-point is below about pH 7, 
and decreases the sharpness of end-points, both above and below pH 7. 


As an example, a 0.1 N NaOH solution, which when fresh had the factor 


1.000 determined by titration against HCl with either phenolphthalein or 
methyl red (pH about 5), after keeping 2 years in a Pyrex glass bottle 
protected from atmospheric CO, showed its factor increased to 1.001 
when titrated with phenolphthalein, and to 1.004 with methyl red. De- 
crease in sharpness of end-point was shown by the fact that, whereas 
when 20 cc of 0.1 N HCl was titrated with the fresh 0.1 N NaOH, with 
phenolphthalein as indicator to the first permanent pink color, a single 
additional drop (0.05 cc) changed the color to deep red, 0.35 ce of the 
2-year solution was required to produce the same change. 

g. DETECTION oF CO, AND SILICATES IN STANDARD NAOH. (1) By 
- difference between normality factors determined with methyl red and with 
phenolphthalein. The factor determined with methyl red is higher than 
that determined with phenolphthalein, if either glass or CO, is dissolved. 
Of glass the chief effect is to raise the factor determined with methy]! 
red; of CO, the chief effect is to lower the factor determined with 
phenolphthalein. 

(2) By decrease in sharpness of end-points, as exemplified under f 
above. 

(3) By precipitation with barium chloride. Adda few drops of 5-per- 
cent barium chloride solution to 10 cc of the alkali solution. An opal- 
escence or precipitate will form if either carbonate or silicate is present 
in considerable amount. If the precipitate dissolves on acidification with 
acetic acid, it is carbonate. 


134. Potassium lodate Solution, 0.1 N (KIO,;—214.02) 

Potassium iodate standards are used chiefly in titrations with thiosulfate. 
(See pars. 122 and 123.) For this titration, the equivalent weight of 
potassium iodate is one-sixth of the molecular weight, or 35.67. Weigh 
3.567 gm of pure potassium iodate, transfer to a 1-liter flask, and make 


up to the mark with distilled water. Potassium iodate is a particularly — 
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useful standard, because the salt can be obtained in good purity, and 
because the solution lasts indefinitely without changing. It is a primary- 
standard, and its preparation by weight gives it more accuracy than can 
be obtained by standardizing it against a reducing agent; hence, such 
standardization is unnecessary. 


135. Potassium Dichromate Solution, 0.1 N (K,Cr,0,;—294.21) 
Potassium dichromate is a primary standard, stable both in solid form 
and in solution. It can be purified by recrystallization from water, and 
can be dried at temperatures up to 200° C. without decomposition. It is 
used in titrations in which Cr****** is reduced to Cr***. (See par. 123.) 
Hence, the equivalent weight is one-sixth of the molecular weight. To 
prepare a 0.1 N solution, dissolve 4.904 gm of potassium dichromate in 
water in a 1-liter flask, and dilute to the mark. 


136. Potassium Permanganate Solution, 0.1 N (KMn0,—158.026) 

a, PREPARATION. A liter of this solution should contain 1/50 gm. 
molecule, or 3.1605 gm, of potassium permanganate. (See par. 123.) 
The solution can be made accurately by weight from the pure crystals. 
It tends to become weaker, however, after standing. Hence it is desir- 
able to let it stand for a week before it is used, and then to standardize 
it against sodium oxalate. 

b. STANDARDIZATION Wi1TH WEIGHED SopiIuM OXALATE. Weigh 250 
to 300 mg of pure sodium oxalate to 0.1 mg, and dissolve it in 200 to 
250 cc of hot water in a 400-cc beaker. The water should be at a tem- 
perature of 80° to 90° C., since the titration must be completed at a tem- 
perature above 60° C. Add 10 cc of 1:1 sulfuric acid (1 part of.con- 
centrated acid plus 1 part of water), and titrate at once with the 0.1 N 
potassium permanganate solution, stirring the liquid vigorously and con- 
tinuously. A thermometer makes a convenient stirring rod. The per- 
manganate must not be added more rapidly than 10 to 15 cc per minute, 
and-the last 0.5 to 1 ce should be added dropwise, allowing each drop to 
be decolorized before the next is added. The excess of permanganate 
necessary to produce the end-point color should be estimated by matching 
the end-point color in another beaker containing the same amount of hot 
water and sulfuric acid as in the titration. Deduct this amount from the 
titration. 

The normality factor is calculated as follows, 67 mg being the mil- 


‘Tiequivalent of the oxalate (par. 139): 


mg oxalate 
OAM: FaRtOr— 67 X cc KMnO, solution 
If the solution is near 0.1 N strength; it is generally used as it is, and 
the 0.1 N equivalent in any titration is calculated by multiplying the cc 
used by the factor determined in the standardization. 
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137. lodine Solution, 0.1 N (I-=126.92) 

a. PREPARATION. Iodine can be weighed, with precautions to prevent 
loss by volatilization, and used as a primary standard. The usual prac- 
tice, however, is to prepare an approximate solution, and standardize it 
with thiosulfate solution. For each liter of solution desired, weigh 13 
gm of iodine, instead of the 12.69 gm actually required, into a weighing 
bottle. Dissolve about 30 gm of pure potassium iodide in about 250 cc 
of water in a beaker. Transfer the iodine from the weighing bottle 
to a 1-liter volumetric flask, and wash out any adhering iodine crystals 
with the iodide solution. Pour the rest of the KI solution into the liter 
flask. Mix the contents of the flask until the iodine is completely dis- 
solved and then dilute to volume. 

b. STANDARDIZATION WitH 0.1 N TuiosuLFATE SOLUTION. Stand- 
ardize by titrating 20 cc with 0.1 N thiosulfate solution, with or without 
starch indicator. The normality factor is calculated as: 


cc of 0.1 N thiosulfate 
0.1 N factor = cc of iodine solution 


138. Sodium Thiosulfate Solution, 0.1 N (Na.S.O;. 5H,O= 
248.19) 

a. PREPARATION. The molecular weight, 248.19, is the same as the 
equivalent weight when the thiosulfate is titrated against iodine. (See 
par. 123.) Dissolve 24.82 gm of crystalline sodium thiosulfate in water 
in a 1-liter volumetric flask. Add 3 gm of borax to serve as a preserva- 
tive. Dilute to 1 liter, and mix. The solution should be restandardized 
every 2 months, since it is not entirely stable. 

b. STANDARDIZATION WitH WeicHED Potasstum DicHRoMATE. 
Weigh 200 to 230 mg potassium dichromate to 0.1 mg and dissolve 
in 100 cc of water in a 250-cc glass-stoppered Erlenmeyer flask. Add 
20 cc of 1.0 N hydrochloric acid and 2 gm of potassium iodide. Stopper 
the flask to prevent loss of volatile iodine, and let it stand in the dark 
for 10 minutes while the dichromate reacts with the iodide. Then titrate 
at once with the thiosulfate from a 50-cc burette, adding 2 or 3 drops of 
1 percent starch solution when the iodine color becomes faint. According 
to the reactions shown in paragraph 123 a gram equivalent of potassium 
dichromate is one-sixth of a gram molecule, or 294.21 + 649.04 gm. 
Hence, the normality factor is calculated as: 

mgK2Cr.O; 
0.1N factor =7904-X ce thiosulfate 

c. STANDARDIZATION. WitTH WEIGHED Portasstum Iopatr. The 
molecular weight of potassium iodate (KIO,) is 214.02. The equiva- 
lent weight in this titration is one-sixth of this, or 35.67. (See par. 123.) 

From 140 to 160 mg of purest reagent-grade potassium iodate is 
weighed to within 0.1 mg and transferred to a 250-cc flask, The iodate 
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is dissolved in 50 cc of water, and 2 to 3 gm of potassium iodide or 
sodium iodide are added, followed by 10 to 15 cc of 1.0 N sulfuric acid. 
The iodine set free is at once titrated with the 0.1 N thiosulfate from a 
50-ce burette, until the iodine color fades to a light yellow. Then add 
3 drops of starch indicator solution, and continue the titration until there 
is no color. It is preferable not to add the starch sooner, because the 
gradual decrease in yellow iodine color enables one to titrate without 
hesitation nearly to the end. The normality factor is calculated as: 


mg KIO, 
0.1N factor = 3.567 X cc thiosulfate 


d. STANDARDIZATION WitH 0.1 N Portassrum Iopate Sorution. 
Twenty cubic centimeters of 0.1 N potassium iodate (par. 134) are de- 
livered into a 125-cc flask. Add 5 to 10 cc of 1.0 N sulfuric acid, and 
about 1 gm of potassium iodide or sodium iodide. Titrate at once with 
the 0.1 N thiosulfate from a 25-cc burette until the iodine color fades to 
light yellow. Then add 2 drops of starch indicator solution, and con- 
tinue titration until colorless. The normality factor is calculated as fol- 
lows: 


_ cc0.1NKIOs 
0.1N factor =-~~thiosulfate 


139. Sodium Oxalate Solution, 0.1 N (Na,C,O0,—1 34.01) 

The oxalate is a primary standard, and is used to standardize perman- 
ganate and ceric sulfate solutions. It can be dried at temperatures up 
to 130° C. The reaction with permanganate (par. 123c) in acid solution 
is such that the equivalent weight is half the molecular weight. To make 
a 0.1 N solution, 6.700 gm of sodium oxalate are dissolved in water and 
diluted to 1 liter. 


140. Starch Indicator Solution 

a. Make a 1 percent solution by dissolving 1 gm of high-grade soluble 
starch in 50 cc of boiling water and dilute to 100 cc. Starch solutions 
without preservatives become moldy and deteriorate after a few days. 
This deterioration may be prevented, or greatly retarded, by adding 1 gm 
of salicylic acid per liter to the water used in preparing the solution, 
or by saturating the fresh starch solution with sodium chloride. 

b. Another method of preparing starch solution uses zinc chloride as 
preservative. Triturate 6 gm of soluble starch with cold water to a thin 
paste, and rinse into a liter of boiling water. To this is added 50 cc 
of a solution containing 6 gm of zinc chloride. The starch solution is 
distributed in small, tightly corked bottles. 


141. Solution Concentrations Defined by Percentage Content 


Unless defined, the term “percent” is ambiguous. It may mean parts of 


129 


solute per 100 cc of solvent, or per 100 gm of solvent, or per 100 cc of 
solution, or per 100 gm of solution. In this manual, percent concentra- 
tion of solutions indicates grams of solute per 100 cc of solution, unless 
otherwise stated. 


Note. See the section “Volumetric Solutions” in the U. S. Pharmacopoeia, to 
Van Nostrand’s Chemical Annual, or to “Volumetric Primary Standards” in The 
Handbook of Chemistry and Physics of the Chemical Rubber Company, etc., for 
tables of equivalents of 1,0. N and 0.1 N solutions. 


Section VIIl. COLORIMETRY 
142. Eanbral 


a. (1) Colorimetry, in the limited sense that the term has acquired 
in analytical chemistry, consists in passing equal beams of light through 
two solutions of a colored solute, and regulating either the concentrations 
or the depths of the transmitting layers until the absorption of visible 
light is the same in both solutions, as indicated by an exact match be- 
tween the fields of transmitted light. From the relative volumes or layer 
depths the relative amounts or concentrations of colored solute in the two 
solutions are calculated. 


(2) Every substance when in solution absorbs radiant energy (of some 
part of the spectrum) either within a part of the spectrum that is visible 
(light) or in the ultraviolet or infra-red zones. When the absorption is 
within a limited part of the visible spectrum the solution appears to 
be colored to a person with normal vision. There are several ways of 
using the phenomenon of absorption for analytical purposes. One is to 
prepare a graded series of standard solutions with which the solution 
under test is compared by viewing through equal depths against a back- 
ground of uniform illumination. This is illustrated in the colorimetric 
method of determining pH values. (See par. 119.) Other simple meth- 
ods are described in this section. If the so-called “transmittance” is to 
be measured and related to the concentration of an absorbing substance, 
it is necessary to.use a photometer, as described in section IX of this 
chapter. 


(3) The relative visibility of light of ordinary illumination is maximal 
for yellow-green light of wave length 550 to 560 millimicrons and falls 
off rapidly with increase and’ decrease of wave length. At 420 and at 
-700 millimicrons the visibility is only about 1/250th of the maximum. 
Owing to the limitations of visibility the use of the eye is restricted, and 
if the absorption occurs only in the infra-red or ultraviolet zones a photo- 
electric cell must be used, as described in section IX of this chapter. 

b. ANALYTICAL CoLoRIMETER. This is a device for adjusting the vol- 
umes or layer depths of the compared solutions, and for matching the 
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color fields. In accurate colorimeters there is an optical system to assist 
_in matching the fields of the two transmitted beams. 

c. Basis oF CaLcuLaTIoN. The relative amounts of colored solute in 
the two solutions are calculated on the assumption that transmissions of 
light equal with regard to all wave lengths occur when the two beams 
are subjected to absorption by the same amounts of colored solute, 
whether these amounts are dispersed through transmitting columns of 
equal or of different lengths. If one of the solutions is a known stand- 
-ard, the amount of colored solute in the other solution can be calculated 
by formulas based on this assumption. 


d. Source or Licut. Under the conditions of equal transmission of 
the two beams postulated in c above, colorimeters are not subject to 
the restriction of photometers, that the incident light must be mono- 
chromatic for strict accuracy. For a colorimeter one may use white light 
or any desirable colored light, with or without a color filter. 


e. STANDARD Sotutions. When white light is used it is generally 
necessary to prepare the standard solution with the same colored solute 
as the unknown in order to obtain accurate results; exact matches are 
difficult to obtain with “artificial” standards prepared from colored sub- 
stances other than those to be determined. 


In some analyses, however, it is possible to use such artificial standard 
solutions, or even colored glass standards, approximating the color of 
the unknown. The stability or ease of preparation of such standards 
may in some cases be more important than exact matching. Matching 
may be improved by the use of colored light filters, (See par. 144.) 


143. Dilution Colorimeters 


a. In this type of colorimeter, exemplified by the Sahli hemoglobin- 
ometer, the relative concentrations are varied in the two compared solu- 
tions by diluting one of the solutions until the colors, viewed through 
equally thick layers of the two, match. The concentrations are then equal, 
and the relative amounts of the colored solute in the two solutions are 
proportional to their volumes. Letting a represent the amount (not the 
concentration) of colored solute in the standard solution, + the amount 
in the unknown, and Vs and Vu represent the volumes of standard and 
unknown solutions respectively, the following proportion holds: 


x:a=Vu:Vs, (1) 
whence the amount of solute in the unknown solution is calculated as 
follows: 

Vu 
+ =a=—. 2) 
Vs 


b. Dilution colorimetry can be carried out with the simplest of appa- 
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ratus. An apparatus capable of 5 or 10 percent accuracy can be impro- 
vised from two cylinders of equal bore viewed against a window or a 
white or colored background. Besides its simplicity, the dilution colori- 
meter has the advantage that the proportion in equation (1) is valid 
even if the solution does not obey Beer’s law (sec. IX of this ch.), be- 
cause equal concentrations are present in both standard and unknown. 
Also, if an interfering colored solute is present (such as the alka- 
line picrate in creatinine determinations), its effect can be eliminated 
by adding the interfering solute to the solvent used in the diluting 
procedure. 


144. Duboseq Type of Colorimeter 

a. PrinciPLe. In this type of colorimeter two compared solutions are 
permitted to retain their original concentrations, and equality of trans- 
mission is obtained by varying the length of one of the two solution layers 
through which the light is transmitted. Usually the layer of standard 
solution is set at 15 or 20 mm, and the layer of the unknown is varied 
until the two fields of transmitted light match. The lengths of the two 
transmitting layers of solution are then inversely proportional to the 
concentrations of colored solute. | 

b. CatcutaTions. (1) Letting C, and C, represent the concentrations 
in the unknown and standard solutions respectively, while U and S 
represent the length of the transmitting layers of the unknown and 
standard solutions respectively, the proportion holds: 

Cu: C,=S:U, (3) 

whence the concentration of solute in the unknown solution is calcu- 


lated as: 
S 


Cu=Cs yr (4) 

(2) When the unknown solution is prepared by filtration or other- 
wise from blood or urine in such a way that one volume of blood or 
urine is represented by d volumes (dilution) of the final solution, the 
concentration of the analyzed solute in the original blood or urine is 


s : 
dX Cy, or dx Cy —. The general calculation formula used in clin- 
U 


ical analyses with the Duboscq type of colorimeter is therefore: 
Concentration of substance in blood or urine =d X Cs X —. (5) 


In determination of a given substance d and C, are often the same in 

all or most analyses, and when constant they can be combined into a 

single factor, d & C,. 
Example. In blood sugar analyses 10 cc of the Folin-Wu filtrate used 
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represents 1 cc of blood; hence, d= 10. If the standard contains 20 mg 
of glucose per 100 cc, C, is 20, and the calculation is as follows: 


S RY 
Mg sugar per 100 cc blood = 10 X 20 X — = 200 X —. 
U 


c. ConpiTtions UNpER WHICH CALCULATION Poe Do Nor 
Hop. (1) When the light-transmitting property of the analyzed solute 
varies with concentration and thereby fails to obey Beer’s law (sec. IX 
of this ch.), equations (3), (4), and (5) do not hold. To produce this 
inconvenient anomaly, however, three conditions must occur together : 
(a) The analyzed substance must exist in two or more states in the 
solution. (Part may be ionized, part not; part may be loosely bound to 
proteins, part not so bound; or the substance may be in different states 
of aggregation) ; (b) the substance in the different states must transmit 
light differently (different colors or different proportions of total light 
energy) ; and (c) the proportions of the substance in the different states 
must vary with the concentration of the substance. 

When these conditions occur together a layer of solution 2 cm long 
with ¢ concentration of the colored solute will not show light transmis- 
sion identical with the transmission of a layer 1 cm long and of 2c 
concentrations, as required by equations (3) and (4). 

(2) The equations also do not hold when solutes, other than the 
solute to be analyzed, are present that absorb light in the visible portions 
of the spectrum. Such substances obviously make it impossible to com- 
pare the solution with a standard that contains no light-absorbing ma- 
terial except the substance to be analyzed. 

d. Use or Empriricat Curves WHEN CONDITIONS INVALIDATE CAL- 
CULATION Formutas, (1) When the light-transmitting property of the 
analyzed solute varies with concentration (see above), one may prepare 


empirical curves of Cy versus the ratio —. In preparing such a curve 


the unknown is replaced by varyingly concentrated standard solutions of 
the substance to be determined; a single standard in the left cup is 
compared with a series of varying standards in the right cup. Graphic 


interpolation of — values observed in analyses of unknown solutions is 


used to calculate concentrations. 

(2) When a light-absorbing substance other than the analyzed solute 
is present in constant ~oncentration, calculations can be made from an 
empirical curve prepared as above, but with the known concentration of 
the interfering substance present in the standard solutions in both cups. 
Use in this manner of an empirical curve increases the accuracy of 
creatinine determinations, in which a constant amount of colored picrate 
is always present. 
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ec. Cotor Firters. The effects of interfering colored material may be 
minimized by a color filter which absorbs light of wave lengths trans- 
mitted in common by both the determined substance and the interfering 
material, and which transmits light of wave lengths absorbed only by 
the determined substance. Such use of a filter presupposes the existence 
of a range of visible wave lengths absorbed by the analyzed substance, 
and not by the interfering material. If a colored substance other thar 
the determined substance is used as a standard (for example, dichro- 
mate for creatinine), the differences in color shade, which are always 
present, can be minimized by use of a filter on the above principles. 
Filters are used in the microkjeldahl nitrogen, urea, and creatinine an- 
alyses described in this manual. Table XIII indicates furthermore the 
filters, as characterized by the wave lengths of light that they transmit, 
that may be used in other analyses, with colorimeters as well as pho- 
tometers. 


f. TECHNIQUE FoR Use or Dusoscg CoLorIMETER. (1) Cleaning cups 
and plungers. The cups and plungers must be scrupulously clean. If they 
are not, rinse them with distilled water and dry with filter paper. In- 
spect the windows at the bottoms of the plungers and cups and, if any 
film. is present, polish with lens paper or with soft filter paper. 

(2) Zero points. The plungers are carefully brought into contact 
with the bottoms of the cups. Both scales should read zero. If either 
one does not, adjust it, if the colorimeter permits such adjustment. 
Otherwise readings must be corrected for the zero point error. For 
example, if the reading on the left scale is —0.2 mm, 0.2 mm must be 
added to all readings on this scale. 


(3) Equality of light transmitted from both cups. Place portions of 
' the same standard solution, for the analysis to be done, in both cups, 
and bring the cups carefully up against the bottoms of the plungers in 
order to remove air bubbles trapped under the plungers. Then set both 
scales at 20 mm. The two fields should match. If they do not, adjust 
the angle of the mirror or the position of the source of light until 
equality is attained. Confirm the adjustment by making a series of 
readings. (See (5) below.) The average should be 20 mm. If it is 
not, readjust the light and repeat. 

(4) Filling cups. Leave the standard solution in the left cup. Empty 
the right cup, rinse the cup and plunger three times with small portions 
of the unknown solution, or if the amount of solution is too limited to 
provide for rinsing, wash the cup and plunger with water and then dry 
them with filter paper. Follow the same procedure whenever it is nec- 
essary to change the standard in the left cup. Remove any trapped 
bubbles as in (3) above. Never fill with so much solution that when 
the plunger is inserted the cup will overflow. 
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(5) Reading colorimeter. Lower the right cup until the right field is 
definitely lighter than the left. Then raise it until the right field is 
darker to about the same extent. Repeat this process of raising and 
lowering the right cup fairly rapidly two or three times and then stop 
at the center of the range of travel where the fields appear to be of 
equal intensity. Note the reading and repeat the process. After the eye 
is adjusted to the colorimeter, three to five readings usually suffice for 
as much accuracy as can be obtained. If the first readings differ con- 
siderably from the later ones, disregard the first in calculating the aver- 
age. (This applies only when the color is stable; in some determinations 
the color fades fairly rapidly in light.) If the eye tires, accuracy de- 
creases. Raise the eyes frequently. Do not make an unnecessary number 


of repeated readings. When possible, use the colorimeter in a dimly 


lighted room with an artificial source of light for the instrument. 

(6) Limits of difference between unknown and standard solutions. 
For accuracy, the concentration of the standard should not be more 
than twice nor less than half the concentration of the unknown solution. 
If the standard is set at 15 mm, the reading of the unknown should not 
be less than 7.5 nor more than 30 mm; preferably it should be between 
10 and 25 mm. When the unknown may vary over a wide range, pre- 
pare several standards so that one of them will approximate the un- 
known. : 

(7) Caring for colorimeter. Keep solutions and reagents free from 
contact with the mirror (Nessler’s solution is especially destructive to 
the silver backing.) Clean and dry the cups and plungers as soon as 
analyses are finished. When the colorimeter is not in use, cover it so 
that it will be protected from dust. 


Section IX. PHOTOMETRY 


145. Photometric Principles 

In photometry the percentage of light that is transmitted through a 
colored or turbid solution serves to measure the concentration of the 
light-absorbing material. The transmittance does not need to be matched 
directly with that of a known standard solution. Consequently the pho- 
tometer has an advantage over the colerimeter in that a fresh standard 
solution need not always be prepared for each series of analyses, al- 
though in some analyses fresh standards are required and in other an- 
alyses frequent checking with standards is desirable. A more significant 
advantage of the photometer is that it permits one, without complicating 
additions to the procedure, to correct for color or turbidity of the solvent 
or reagents. Furthermore the photometer lends itself to the use of a 
photoelectric cell in place of the human eye. With such cells, and espe- 
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cially designed photometers, it is possible to measure transmission of 
ultraviolet and infra-red rays outside the limits of visibility, and thereby 
to determine substances that absorb radiant energy in those ranges. 
Visible light covers the following approximate wave lengths, given in 
millimicrons: violet, 400 to 440; blue, 440 to 490; green, 490 to 560: 
yellow, 560 to 600; orange and red, 600 to 730. 


146. Beer's Law 

a. Beer’s law is the basis of calculations in photometric analyses. It 
was developed from Bouguer’s law, which states that layers of a given 
light-transmitting medium of equal thickness transmit equal fractions of 
the incident light that passes into them. The working of this law may 
be visualized as follows. Imagine a number of plates of translucent 
glass, each of which is 1 cm thick, and absorbs 0.7 and transmits 0.3 of 
the light that enters it. If two of these plates are placed in series, the 
first will transmit 0.3 of the incident light, and the second will transmit 
0.3 of what passes through the first, or 0.3 >< 0.30.09 of the original 
light. (Loss of reflected light is neglected in this illustration.) In gen- 
eral, if ¢ represents the fraction of light (0.3 in the above example) 
transmitted by a l-cm layer of glass or other transmitting medium, the 
fraction transmitted by a layer 1 cm long will be #’. 

b. In Beer’s law, Bouguer’s principle is applied to colored solutions, 
with the assumption that doubling or tripling the concentration of the 
colored solute has the same effect on the transmission as doubling or 
tripling the length of the transmitting layer. This assumption has in 
fact been found to hold for a large proportion of colored solutions. For 
such a solution, if the colored solute in a layer 1 cm long and of unit 
concentration transmits a fraction ¢ of the incident light, then the solute 
in a 1-cm layer of ¢ concentration will transmit the fraction #°; and in 
a layer of c concentration and / length the solute wi'l transmit the frac- 
tion t’’. This is Beer’s law. It is formulated as: 

| treet Se" 
where JT represents the fraction of light transmitted by the colored- 
solute. 

c. In chemical analyses, T is measured as the ratio, /,:J,, in which 
/, is the intensity of light transmitted through a cuvette containing the 
solution of colored solute, and J, is the intensity of light, from the same 
or an equal source, transmitted by a cuvette of equal size filled with a 
blank solution, in which the colored solute is absent, but the solvent and 
other solutes are the same as in the analyzed solution. By using a blank 
in this manner the specific effect of the colored solute is isolated from 
the effects of other factors, which are cancelled by use of the blank. 
These nonspecific factors include about 8 percent loss of light by re- 
flection from the air-glass surfaces of the cuvette, some loss, usually 
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slight, in transmission through the solvent and the glass of the cuvette, 
and some scattering of light. Although ‘light absorption by a water-clear 
solvent is usually negligible, sometimes reagents are present which, al- 
though not perceptibly colored, significantly lower the transmission. On 
the other hand, if a cylindrical cuvette is used, its lens effect may so 
increase the intensity of the transmitted light that the effect more than 
balances the losses from reflection and nonspecific absorption. 

d. The transmission of the colored solute, indicated by T, and meas- 
ured as /,:J, is called the “transmittance,” or the “transmittancy” in 
order to distinguish it from the total transmission by the cuvette and 
solution. 


147. Use of Beer's Law to Calculate Concentrations. Definitions 
of Optical Density and Extinction Coefficient ~ 
a. To calculate the concentration, c, it is convenient to put equation 
(1) into logarithmic form by taking the logarithms of both members, 
and to solve for.c: 


log T . 
c= —— (2) 
llogt 
1 
b. The value, ——-, or —log T is the unit of practical calculations. 
log T ; 


It is called the “optical density” (also the “extinction”), and is desig- 
nated by the symbol D. The value, —log T, is used in preference to log 
T for convenience, because since T is always less than 1 its logarithm 
is always a negative number ; while —log T, or D, is positive, and is pro- 
portional to ¢. For determination of a given colored solute, with constant 
t and with constant / (cuvettes of constant size), the concentration of 
colored solute can be calculated as follows: 


c=kD (3) 
Equation (3) is derived from equation (2) by substituting D for 


—log T, and k for The fact that c is in simple direct proportion 
llog t 


to D, makes D convenient to use in calculating concentrations. 

The physical significance of the optical density is that it is the loga- 
rithm of the attenuation that the light undergoes as the result of partial 
absorption by the colored solute. Thus the optical density, D = 2, indi- 

* The calculation formula for the Duboscq colorimeter can be derived from Beer’s law as 
follows: If solutions of concentrations c1 and cz are compared, the ratio of the concentrations 


can be expressed as follows: 
log Ti log T2 


Cf. C3 : 
hlogt klogt 
The condition for the reading of the Duboscq is that T1= Tz. Since ¢ is the same for both 


solutions, the equation simplifies, for the Duboscq reading, to: 
fer he Wn Hana fed FE 
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cates 107, or 100-fold, attenuation of the light, only 1 percent being trans- 
mitted, 99 percent absorbed. Similarly, D = 1 indicates 10-fold attenu- 
ation; D = 0.6 indicates 4-fold attenuation; D— O indicates no attenu- 
ation, but complete transmittance, as by a water-clear fluid.* 


c. The “extinction coefficient,” E, is the optical density of solution 
of unit concentration in a layer 1 cm long. Expressed mathematically, 
E==—log t. The molar extinction coefficient, Ey, is E when the unit 
of concentration is one mole per liter, 


148. Necessity for Monochromatic Light 


a. Ina colored solution, light of different wave lengths is transmitted in 
different proportions; this difference is the cause of the color. If the 
incident light is the white mixture of various wave lengths, and ¢ varies 
from one wave length to another, neither equation (1) nor the equations 
derived from it will be valid; optical density will not be proportional to 
the concentration of colored solute. The light observed must consist of 
a band of wave lengths which is so narrow that transmittance is approxi- 
mately constant over the width of the band. Otherwise Beer’s law does 
not hold. 


b. The tolerated width of the band is different for different colored 
solutes. If the transmittance factor, t, changes rapidly from wave length 
to wave length over the visible spectrum, a narrow band is necessary. 
If, on the other hand, in the curve of transmittance versus wave length, 
a broad plateau exists where transmittance changes but little, and is low 
enough to give satisfactory optical densities, a relatively broad band can 
be used. The statement that photometric analyses can be made only with 
monochromatic light (light of one wave length) is theoretically exact, but 
for practical measurement of concentrations of solutions ‘“monochro- 
matic” may be interpreted to mean light within a limited band of the spec- 
trum; how narrow the band must be for a given analysis depends on the 
solute and the degree of accuracy that is required in the analysis. 


149. Choice of Spectral Wave Band or Light Filter for an 
Analysis 

Usually a suitable band is one for which (1) the optical density of the 
colored solute to be determined is maximal, and (2) which is located, 
if possible, ona plateau of the curve of optical density versus wave length 
where the transmittance does not vary much with the wave length. These 
desirable conditions are often fulfilled when the curve of optical density 
passes through a maximum in a part of the spectrum that is favorable 
for observation. However, other factors, such as (3) the optical densi- 
ties of other solutes that may be present, and (4) the sensitivity of the 
eye (par. 142) or photoelectric cell to different parts of the spectrum, 
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may also have to be considered. The fact that more than one factor may 
require consideration makes a choice of the best spectral band or light 
filter for a given analysis sometimes a complex compromise. Specifica- 
tion of the wave-length band or light filter to be used is accordingly an 
essential part of the directions for a photometric method of analysis. In 
table XIII are presented the wave lengths recommended for some of the 
analyses in general use in clinical chemistry. 


150. Types of Photometers 

a. Analytical photometers may be classified, according to the devices 
used to provide light of desired wave length, as spectrophotometers and 
filter photometers. Spectrophotometers receive the light on prisms or 
diffraction gratings that disperse it into a spectrum, from which any de- 
sired band of waves can be directed into the solution to be analyzed. 
Such instruments are the Koenig-Martens and the Coleman. Filter pho- 
tometers isolate light within a desired band of wave lengths by means of 
colored filters through which the light is passed, either before or after 
it passes through the analyzed solution. The step-photometer and the 
Evelyn and Summerson photometers are filter photometers. Filters in 
great variety may be selected from lists supplied by the Corning Glass . 
Works, Corning, New York, and the Eastman Kodak Company, Roches 
ter 4, New York. 

b. (1) Photometers are further differentiated according to the devices 
by which the transmittances or optical densities are measured. In visual 
photometers the intensities of two beams of light are compared visually, 
one beam passing through the analyzed solution, the other through the 
blank solution. The beam incident on the blank is diminished by manipu- 
lating a calibrated diaphragm (step-photometer) or a set of polarizing 
prisms (Koenig-Martens) until the two fields match. The fraction to 
which the light incident on the blank must be diminished to make the 
two fields match serves as a measure of the optical density of the un- 
known solution. . 

(2) In an electrophotometer the intensity of a transmitted light beam 
is measured by its effect on a photoelectric cell (Summerson, Evelyn, and 
Coleman photometers). In such a photometer only one beam of light 
may be needed. The comparison between the blank solution and the 
unknown can be made by interposing them in succession in the path of 
the light beam and measuring the relative effects on the photoelectric 
cell. 


151. Photoelectric Cells 
Two main types of photoelectric cells are used in photometry. One 
is the photoemissive cell. In this type electrons are ejected from a 
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metallic surface (inclosed in a tube partly or completely evacuated) when 
radiant energy strikes the surface. In the other type, commonly called 
the photovoltaic or barrier cell, the received radiant energy causes a 
transfer of electrons across a boundary between two dissimilar materials, 
such as copper and copper oxide, or selenium and a metal, one of these 
materials serving as a rectifier to keep the transfer of electrons in one 
direction. Ordinarily the current from one of the modern barrier cells 
is sufficient to measure directly. The current of a photoemissive cell 
may require amplification. The design of an electric circuit for an instru- 
ment that includes one of these cells requires good engineering. In the 
directions that go with the instrument the type of cell and spectral range 
of its sensitivity should be given, as well as its principal features, so that 
the user can follow the directions intelligently. Of chief importance is 
a design that makes the electrical output of the cell as nearly propor- 
tional as possible to the radiant energy received. The ease of operation 
of photoelectric instruments often leads the analyst to accept mere pointer 
readings uncritically. Several instruments use the deflection of the 
pointer of a galvanometer to indicate some function of the energy ab- 
sorbed or transmitted by the solution. The meaning of the scale should 
be understood. In one instrument the scale may indicate microamperes, 
in another optical density (—log 7), in another there may be an arbi- 
trary scale. Whatever the scale is, it should record results that accord 
with Beer’s law when observations are made on a series of standard solu- 
tions of a colored solute that is known to obey that law. Such a solu- 
tion, which may be used to test the behavior of a photometer is copper 
sulfate dissolved in 2 M ammonium hydroxide. For such copper sulfate 
solutions Eyy = 57.5 with light of 620 millimicrons wave length, and 


Ey = 33.6 with light of 336 millimicrons, 


152. Range of Optical Densities Suitable for Accurate Measure- 
ments 

In visual photometry it is obvious that if light absorption is too slight, 
small percentage differences in the absorption will be imperceptible ; also 
that if so much of the light is absorbed that the field is very dark, small 
differences will again be difficult to estimate. Between these extremes 
there is a range that is better suited for measurement. For electropho- 
tometers there are also limited practical ranges. It has been estimated 
(Ringbom) that with ordinary intensities of illumination a visual pho- 
tometer is most accurate when the optical density observed is from 0.7 
to 1.0 (20 to 10 percent transmittance) and that with electrophotometers, 
as usually constructed for analytical purposes, the desirable range is 
from optical density of 0.15 to 1.0 (70 to 10 percent transmittance). 
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153. Photometric Calculations 

a. SoLutions THat Fottow BeEeEr’s Law. If solutions of the colored 
solute to be determined follow Beers’ law within the concentration range 
covered by the method used, values of ¢ plotted against values of D, 
observed in analyses of known standard solutions, will fall on a straight 
line, and the & of equation (3) will be constant. If such is the case, 
results can either be calculated by formula or estimated by a linear graph. 

(1) Calculation by formula. The working formula is equation (3), 
namely, c =: k D. 

(a) Most convenient for analytical work are photometers equipped 
with scales from which the optical density, D, may be read directly; on 
these instruments the blank is set at zero on the scale. 

(b) Other instruments have scales reading in percentage transmit- 
tances, usually from 0 to 100; on these the blank is set at 100. When 
an instrument with a transmittance scale is used, the percentage trans- 
mittances are converted into optical densities by the equation: 

D =2—log of percentage transmittance. (4) 
For example, if the percentage transmittance is 25, its logarithm is 1.398, 
and the density is 2— 1.398 = 0.602. For routine use, with a photome- 
ter reading in transmittances, it is convenient to prepare a table with 
optical densities and the corresponding transmittances covering the useful 
range of the instrument. 

(c) To make use of equation (3) in determinations of a given colored 
solute, it is necessary to know the value of k for solutions of this solute 
in cuvettes of the size used. The value of k is determined by readings 
on known standard solutions, preferably of two or more different con- 
centrations. Let the known concentration of a standard be c,, and the 
reading with it be D;. Then: 


Cs 


k=—. (5) 


The value of k thus determined is used in equation (3) to calculate c 
from observed D readings in analyses of unknown solutions. 

(d) If the value of & for a given analytical procedure is at all times 
constant and reproducible, it is not necessary to reestablish it with each 
series of analyses; in other words, no standard need be run routinely. It 
suffices to establish in advance the value of k by careful repeated analyses 
of standard solutions of different concentrations covering the range to 
be encountered in analyses of unknown solutions. In establishing the k 
value, cuvettes must be used giving the same length of transmitting layer 
of solution that is used in subsequent analyses (the / of equations (1) 
and (2)), since the validity of equation (3) depends on constancy of %. 
The possibility of avoiding the necessity of preparing standard solutions 
with each series of analyses is particularly desirable when the standard 
solutions are unstable, costly, or difficult to prepare. When a fixed k 
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is used, it is essential in analyses of unknowns that all phases of the 
analytical procedure, including the wave length or filter used, the quality 
of reagents and the order of their addition, the temperature of the solu- 
tion (optical density may change by more than 1 percent per degree of 
temperature change), the time of standing before reading, etc., duplicate 
as closely as possible the conditions prevailing at the time the value of k 
was established. 

(2) Calculation by comparison of optical density of unknown with 
optical density of a simultaneously prepared standard. . (a) In this pro- 
cedure a standard is prepared with each series of analyses, as in colori- 
metric determinations. The calculation is: 


Tn 
c=CsX 


(6) 


Ds : 
c is the concentration of the unknown, C, the concentration of the stand- 
ard, Dy the optical density of the unknown, and D, the optical density 
of the standard. 

(b) This procedure is likely to be the one of choice when the intensity 
of color development, or the reading of the density, depends to such an 
extent upon conditions that their exact duplication in different series 
of analyses is difficult. The procedure is recommended in the cholesterol 
method given in this manual, where the color reaches a maximum and 
then fades; also in exact determinations of ammonia by nesslerization, 
where the optical density varies so much with slight variations with wave 
length that slight differences in adjusting the latter may become a source 
of variable error if k (equation (5)) is determined at one time, and c 
(equation (3)) at another time, with another setting of the wave length. 

(3) Graphic calculation. (a) Instead of using equation (3) one may 
plot c against D on rectangular coordinates, using data obtained from 
analyses of standard solutions, as described for establishment of k. Be- 
cause the curve is linear, 2 or 3 points suffice to locate it. By interpolat- 
ing on the curve the D values obtained in analyses of unknowns, the c 
values of the latter can be estimated. 


(b) When the photometer has a scale reading in transmittances instead 
of densities, the graphic estimation is especially convenient, because it 
avoids the necessity of transposing transmittances, into densities. On 
semilogarithmic paper the transmittances obtained in analyses of stand- 
ard solutions are plotted on the logarithmic coordinate and concentrations 
on the other coordinate. A linear curve is thus obtained on which con- 
centrations of unknown solutions can be read directly from transmit- 
tances. ; 

« 6. Sotutions THat Do Not Fottow Berr’s Law. Not all colored 
solutions show a linear relation between optical density and concentra- 
tion. If changes in concentration cause changes in ionization or in other 
properties affecting transmittance, the curve obtained by plotting ¢ 
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against D will not be linear. Solutions of some substances follow Beer’s 
law in low concentrations but not in higher ones. Apparent failure to 
follow the law may occur if light of a narrow spectral band is required 
(par. 149) and the photometer used provides only broader bands, or if 
the instrument is an electrophotometer that is not so adjusted that the 
electrical output is proportional to the radiant energy received (par. 151). 


c 
If for any reason the equation k ==— does not give a constant value for 


k over the c range of the method, it is necessary to estimate the results 
of analyses by the graphic procedure outlined in the preceding para- 
graph. Because the curve is not linear, it is necessary in establishing it 
to use a number of standards, covering the entire range that may be en- 
countered in analyses, and at sufficiently close concentration intervals to 
assure the accuracy of all parts of the curve. 


Table XIII, Recommended wave lengths for photometric determinations in this manual 


Determinations Paragraph No. Wave lenath 

Nitrogen by Kjeldahl digestion and 186, 187, 188, 189 450* 

nesslerization. 
Urea by urease hydrolysis and direct 192, 193 500* 

nesslerization. 
Uric acid 194 700 
Creatinine 195 520 
Sugar by Folin-Wu 196, 197 520* 
Bilirubin by Van den Bergh 199 535 
Icterus Index 200 420 
Inorganic phosphorus by Fiske-Subbarow 202, 203 660 
Calcium by Roe-Kahn 204 660 
Sulfonamides by Bratton-Marshall 209. 540 
Sulfonamides by Fuller 210 460 
Hemoglobin 211 545* 


* In most instances the wave lengths given are those of maximum optical density. In the instances 
marked with an asterisk (*), however, authors of the methods have recommended wave lengths other 
than those of maximal optical density because of special considerations, such as the elimination of errors 
due to the presence of extraneous colored substances. In such instances it is particularly important to 
check the linearity of the relation between concentration and optical density with the photometer used. 
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CHAPTER 4 
EXAMINATION OF URINE 


Section |. COLLECTION AND PRESERVATION OF 
SPECIMENS 


154. Collection and Preservation 

a. SINGLE SAmpteEs. A specimen of urine passed at one voiding may 
be used for qualitative tests. 

b. Day AND Nicut Samp es. To collect these samples, the patient uses 
two wide-mouthed bottles (each of approximately 1 or 2 liters capa- 
city)—one for all urine passed during the day, and the other for all urine 
passed during the night. The day period is usually from 6 AM to 6 PM: 
the night period from 6 PM to 6 AM. 

c. TWENTY-FoUR-Hour Sampte. The patient uses a bottle of 2 to 4 
liters capacity, as well as a funnel if the bottle is not wide-mouthed. At 
the beginning of the 24-hour period the first voiding of the morning is 
discarded, but all urine passed thereafter, including the urine passed on 
arising on the second morning of the period, is collected. The total vol- 
ume is recorded, but only 150 to 250 ce of the well mixed sample should 
be sent to the laboratory, unless more is requested. 

d. PRESERVATION. (1) Refrigeration. Clean bottles are essential. 
Urine without preservatives can be preserved in a refrigerator for about 
24 hours. However, freezing must be avoided. 

(2) Chemical preservatives. Use enough toluene to form a thin layer 
over the surface. It is a good preservative and does not interfere with 
any chemical tests. 

Another effective preservative is formaldehyde, particularly for formed 
elements. Use no more than 2 drops (0.1 cc) of 40 percent formalde- 
hyde (formalin) per 100 cc of urine, since larger amounts seriously inter- 
fere with tests for sugar, albumin, and indican. 


Section Il. PHYSICAL EXAMINATION 


155. Physical Properties 

a. Cotor. Normal urine varies from almost colorless to a dark orange. 
The darker shades are usually associated with greater dissolved solids 
and higher specific gravities. Hemoglobin and hematin (from blood) 
are the most important abnormal pigments, giving a dark reddish-blue 
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color in higher or a “smoky” (faint greyish blue-red) color in lower con- 
centrations. In acid urines, these substances give a brown color. Urine 
containing bile pigment has a dark orange color, and when shaken, the 
froth is yellow. ’ 

b, APPEARANCE (CHARACTER). Freshly voided urine is usually clear. 
Cloudiness is most frequently due to triple phosphates; more rarely it 
may indicate some pathological constituent, such as pus. On standing, 
triple phosphates separate from alkaline urine, and urates from acid urine, 
causing cloudiness in either case. The phosphates dissolve on addition 
of acid, urates dissolve when the urine is warmed, but a cloudiness due 
to pus persists under both conditions. 

c. Reaction (APPROXIMATE pH). Place a drop of urine on pH indi- 
cator paper (“nitrazine paper” or sodium dinitrophenylazonaphthol disul- 
fonate paper). The pH is determined by matching the color against the 
colors on the chart that is furnished with the paper. Litmus paper, if 
available, may also be used; red indicates an acid, blue indicates an alka- 
line, and an intermediate shade indicates a neutral urine. 

d. Speciric Gravity. The specific gravity of a sample of urine may 
be measured by a urinometer, a special hydrometer, which is a weighted 
glass bulb with a stem carrying a scale of specific gravity. When float- 
ing at equilibrium the hydrometer displaces a weight of fluid equal to its 
own weight. The reading of the scale is made at the meniscus of the 
air-water interface. The reading in water will be at the 1.00 mark. The 
reading in urine will be between 1.001 and 1.040. Since increase in 
the amount of dissolved substances per cubic centimeter increases the 
specific gravity of urine, a measurement of specific gravity gives an indi- 
cation of the concentration of total urine constituents. 

e. VoLtumrE. The volume of urine is significant only when the collec- 
tion interval is known. When this is known the report can be in the form 
of cubic centimeters per hour, or per 24 hours. 


Section Ill. MICROSCOPIC EXAMINATION OF URINARY 
SEDIMENTS 


156. General 

The important formed elements in urine are casts, red blood cells, epi- 
thelial cells, leucocytes, and bacteria. Several different forms of crystals 
may be seen, but these are rarely of any significance. For appearance of 
formed elements and crystals, see figures 14 and 15. 


157. Casts and Cells 


Casts are cylindrically shaped bodies, and are of two kinds. One kind, 
hyaline casts, are jellylike impressions of kidney tubules. The other kind, 
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Figure 14. Unorganized elements of urinary sediment. (Except for sulfonamides, 
urinary crystals are not important.) 


cellular casts, are composed of cells sloughed from some part of the 
genitourinary tract. Hyaline casts dissolve immediately in slightly alla- 
line water; cellular casts do not. Both kinds of casts may have red blood 
cells, leucocytes, epithelial cells, or fat droplets adhering to them. Cellu- 
lar casts may appear granular, or waxy with few or no granules and with 
little visible cellular structure. 


158. Qualitative Sediment Examination 

Mix and then centrifuge 15 cc of urine, removing most of the super- 
natant liquid with a pipette. Take up the sediment in a pipette and trans- 
fer it to a clean, dry slide or a blood counting chamber. Casts may be 
viewed under low power, with or without a cover slip, but cells should be 
examined by high power, with a cover slip over the drop. The best illu- 
mination is obtained by lowering the substage condensor and by reducing 
the iris diaphragm until such objects as red cell “ghosts” and hyaline 
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Figure 15. Organized elements of urinary sediment. 


casts stand out clearly. When a blood-counting chamber is used, the focus 
should be altered slightly during the examination, to define objects that 
lie at different levels in the chamber. Examine the whole area of the drop 
for the presence or absence of hyaline casts, cellular casts, red and white 
The results of the examination should be 
recorded as positive or negative for these kinds of casts and cells. 


159. Quantitative Sediment Examination 


This requires a timed specimen of urine, that is, a collection made be- 


tween the time when one voiding of urine is discarded and another col- 
lected. The volume is measured, and from the time interval over which 
the urine was collected, the urine volume for 1/5 of an hour is calculated. 
For example, let the time be 8 hours, and the volume be 400 cc. Then 


400 
,or 10 cc. Take the volume for 1/10 of an 


the required volume is 
8x5 
hour if that for 1/5 is more than 15 cc. The volume as calculated is 


placed in a 15-cc graduated centrifuge tube, and spun for a few minutes. 
With a capillary pipette, remove the supernatant liquid down to the 0.5-cc 
mark, or to the 0.25-cc mark if the volume for 1/10 of an hour was taken. 
The sediment is thoroughly mixed and a drop pipetted to one side of a 
blood-counting chamber. ‘With a dim light and low power, the casts in 
two-thirds of the total ruled areas are counted. With high power and 
a little more light, the red cells, epithelial cells, and white cells in one- 
fifteenth of the total ruled area are counted. The number of casts ob- 
served, multiplied by 100,000 gives the number of casts excreted in 24 
hours. The number of cells observed, multiplied by 1,000,000, gives the 
number excreted in 24-hours, 


Section IV. QUALITATIVE CHEMICAL TESTS 
160. Routine Tests 


In addition to a physical examination (sec. II of this ch.) each urine 1s 
usually tested routinely for proteins (“albumin’’) and for sugar. Other 
chemical tests are done as requested. 


161. Proteins (Albumin) 


In testing for albumin, the urine must be absolutely clear. Cloudy sam- 
ples must be cleared by filtration or centrifuging, lest the presence of 
small amounts of albumin be obscured. 

a. Heat and Acetic Acip Test. (1) Reagent. Dilute 1 volume of 
glacial acetic acid to 10 volumes with distilled water. 

(2) Procedure. Fill a test tube two-thirds full of clear urine. Heat 
the upper portion in a flame until it boils gently. A precipitate or cloudi- 
ness in the heated portion may be due to albumin or phosphates. Add 3 
to 5 drops of 10 percent acetic acid, 1 drop at atime. If the precipitate 
dissolves, it is due to phosphates. If it increases, it is due to albumin, 
but only if the urine was clear before heating. Positive albumin tests 
are classified as follows: faint turbidity, +; heavy turbidity, +-++ ; pre- 
cipitate heavy but not solid, +++; boiled solid, ++ +++. If Bence- 
Jones protein is present, a turbidity will appear upon heating the urine 
to 60° C., the turbidity decreasing at higher Remiperatrts and reappear- 
ing when the tube is cooled. 
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b. SuLFosaticytic Acip Test. (1) Reagent. Dissolve 20 gm of sul- 
fosalicylic acid in water and make up to 100 cc. 

(2) Procedure. To 2 cc of clear urine (filtered if necessary), add 6 
drops of the sulfosalicylic acid reagent. Do not heat. Turbidity or 
cloudiness indicates protein. The same classification is used as in the 
acetic acid test, except that for +-+-+-+, solid coagulation does not 
occur. 


162. Sugar 


a. BENEDICT’s QUALITATIVE REAGENT. Dissolve 17.3 gm of cupric 
sulfate crystals (CuSO,.5 HO) in about 100 cc of water. Dissolve 117 
gm of monohydrated sodium carbonate (Na,CO,.H,O), (or 100 gm of 
anhydrous sodium carbonate), and 173 gm of sodium citrate in about 700 
cc of water by warming. Cool to room temperature. Pour the copper 
sulfate solution into the carbonate-citrate solution slowly with constant 
stirring. When the solutions are completely mixed, dilute with water to 
a volume of 1 liter and mix again. 

b. Procepure. To 5 cc of reagent in a test tube, add 8 drops (0.5 cc), 
but no more, of urine. Heat for 5 minutes in an actively boiling water 
bath. Cool in air. If no sugar is present, the solution will remain clear 
blue, or show a slight greenish-blue turbidity due to urates. But if 0.1 
gm or more of glucose per 100 cc is present, a bulky precipitate appears ; 


green (trace), greenish-yellow (+), yellow (++), orange (+++), 
or brick red (+-+-+-++), as the amount of glucose increases. 


163. Acetone 

a. SopruM NITROFERRICYANIDE (NITROPRUSSIDE) Test (LANGE’s). 
(1) Reagents. (a) Acetic acid, glacial, 99 percent. 

(6) Ammonium hydroxide, concentrated 28 percent, strong ammonia 
water. 

(c) Sodium nitroferricyanide, freshly prepared saturated solution. 
Dissolve several crystals in 1 to 2 cc of water by gentle heat. Have a 
slight excess of undissolved crystals remaining. 

(2) Procedure. Place 5 cc of filtered urine in a test tube, add 0.5 cc 
of glacial acetic acid and 0.5 cc of the freshly prepared sodium nitro- 
ferricyanide solution, and mix. Tilt the tube and carefully overlay the 
mixture with 1 to 2 cc of strong ammonia water. 

(3) Results. A purple or purplish-red ring forms at the contact zone 
in a few minutes if acetone is present. The ring tends to be more purple 
or violet in low concentrations, more red-purple in high. Amorphous: 
urates may give a brown or orange ring if present in large amount. This 
test detects the presence of both acetone and acetoacetic acid. The test 
is, however, much more sensitive for acetoacetic acid. Acetoacetic acid 
gradually decomposes into acetone and carbon dioxide, particularly if the 
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urine is acid and stands in a warm room. Because of the difference in 
sensitivity of the test for the two compounds, the intensity of color ob- 
tained may decrease if urine is permitted to stand before it is tested. 
Hence the test should be done with fresh urine. 

b. Saticytic ALDEHYDE Test (BEHRE). (1) Reagents. (a) Fifty 
percent sulfuric acid (concentrated sulfuric acid added to an equal volume 
of distilled water). 

(b) Salicylic aldehyde. 

(c) Thirty-two percent sodium hydroxide solution. 

(2) Procedure. Place 3 cc of urine in a clean, dry test tube and add 
1 drop of 50 percent sulfuric acid. Prepare a thin square of cotton of 
somewhat greater width than the test tube and drop on the center of the 
square 1 drop of salicylic aldehyde, and over this 2 drops of 32 percent 
NaOH solution. The two reagents produce a solid in the form of a flat 
yellow disk on the cotton. Invert the cotton over the mouth of the test 
tube so that the disk formed by the reagents is turned down toward the 
urine. Push the cotton down slightly into the tube so that it is held in 
place and so that the disk of reagents does not touch the side of the tube. 
Place the tube upright in a boiling water bath for 8 minutes. Then re- 
move the cotton and note change in color of the reagent disk. 

(3) Results. In the presence of as little as 1 mg of acetone per 100 
ce of urine, or its equivalent in acetoacetic acid (which is changed to 
acetone by heating with acid) a distinct pink color develops on the disk. 
With normal urines the yellow color of the disk remains unchanged. 


164. Bile in Urine 

a. CoLor. Shake vigorously a few cc of urine in a test tube. If bile 
is present, the foam will have a yellow color when compared to the foam 
of urine without bile. 

b. BiLiRUBIN (URINE). The Watson modification of the Harrison 
Test is one of the most sensitive tests for urine bilirubin and is indicated 
in all patients suspected of having liver disease. It is important to realize 
that bilirubin may be detected in the urine when the concentration of 
total serum bilirubin is still within the normal range. The modification 
of Harrison’s Test as proposed by Watson is carried out as follows: Im- 
merse a strip of barium chloride-impregnated* filter paper into the urine 
sample for a depth of about 34 inch and after approximately 1 minute 
remove and allow the excess urine to drain off by touching the strip to 
the top of the container. Lay the strip upon any absorbent paper, for 
example, paper towel, newspaper, etc. Now add one or two drops of 
Fouchet’st reagent at the upper zone or line marking the depth to which 


* Soft, thick absorbent paper, such as Schleicher & Schuell #470, dipped in a saturated 
aqueous solution of barium chloride dried and cut into strips approximately 4 inches by %4 inch. 


t Fouchet’s reagent is a mixture of 25 gm trichloracetic acid, 0.9 gm ferric chloride and 
100 ce distilled water, y 
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the strip of paper has been immersed, not to be confused with the spread 
of moisture due to capillary action above this point. In the presence 
of bilirubin a green or greenish-blue color will develop. The color is 
produced by the reaction of ferric chloride with the barium compound 
resulting from its combination with bilirubin. If a large amount of bili- 
rubin is present, a deep green color of wide extent will be seen; if a 
small amount, a faint green line or band will appear across the strip. 


165. Urobilinogen 

a. Reacent. Dissolve 20 gm of p-dimethylaminobenzaldehyde in 150 
ce of concentrated hydrochloric acid (sp. gr. 1.19), and add 150 cc of 
water, — 

b. Procepure. Add 1 cc of reagent to 10 ce of fresh urine. A cherry- 
red color indicates the presence of urobilinogen. If delay is necessary, 
keep the urine cold and protected from light but run the test as soon as 
possible since urobilinogen tends to change into urobilin, which does not 
react. 


Section V. QUANTITATIVE CHEMICAL ANALYSES 


166. Protein (Albumin), Sedimentation Method of Shevky and 
Stafford’ 

a. REAGENTS. Tsuchiya’s solution: Mix 15 gm of phosphotungstic 
acid, 50 cc of concentrated hydrochloric acid, and 1,000 cc of 95 percent 
ethyl alcohoi. 

b. Procepure. Nephritic urines are usually diluted tenfold. In 
urines with very scanty protein content a lesser dilution or none at all 
will give more exact results. Occasionally a urine is encountered with 
more than 2.8 percent of protein, which is the maximum that can be 
determined with a tenfold dilution. In such a case a fresh sample is 
diluted twentyfold and the deterinination repeated. Of the diluted urine, 
4 cc are meaured into a special graduated centrifuge tube (Shevky-Staf- 
ford tube),? the 4-cc mark on the tube itself serving for the measure- 
ment. Tsuchiya’s reagent is added to the 6.5-cc mark. Mix the contents 
well by inverting the tube several times, allow to stand exactly 10 min- 
utes, and centrifugalize for exactly 10 minutes at 1,800 rpm. The volume 
of precipitate is read on the scale in hundredths of a cubic centimeter. 

c. CALCULATION. Grams of protein per liter of urine = cc of precipi- 
tate < 7.2 < dilution. “Dilution” indicates the number of times the urine 
was diluted before the sample was measured into the tube, . 


1 Archives of Internal Medicine, 32,222 (1923). 
2 Medical Department Supply Catalog No. 4141700- 
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167. Sugar (Benedict)’ 

a. REAGENTS. (1) Pumice or tale. 

(2) Sodium carbonate. ; 

(3) Benedict’s quantitative reagent. Dissolve 87.0 gm of sodium car- 
bonate (Na,CO,.H,O) (or 74 gm of anhydrous Na,CO,), 200 gm of 
sodium citrate (Na,C,H,O,.2H,O) and 125.0 gm of potassium thio- 
cyanate (KCNS) by warming in enough water to make about 800 cc of 
solution. Filter if necessary. Dissolve exactly 18.00 gm of copper sul- 
fate (CuSO,.5 H,O) separately in about 100 ce of water, and pour this 
solution slowly with constant stirring into the carbonate solution. Only 
the copper sulfate need be weighed exactly. While the solution is still 
warm, add 0.25 gm of potassium ferrocyanide (yellow prussiate) dis- 
solved in 5 cc or more of distilled water. Cool the solution to room tem- 
perature. Transfer the solution to a 1-liter volumetric flask, rinse the 
container, used in preparing the solution, thoroughly into the volumetric 
flask with distilled water, make to exactly 1 liter, and mix. Exactly 25 
cc of this reagent should be equivalent to 50 mg of glucose. The solu- 
tion is tested by titration against a standard 2 percent glucose solution and 
adjusted, if necessary, by diluting or by adding copper sulfate. 


b. ProcepurE. (1) Before the titration the urine is diluted, if neces- 
sary, so that it contains not more than 1 percent of sugar. Urine from 
uncontrolled diabetes, with +-+-+-+ qualitative sugar reaction ordinarily 
is diluted 10 times. Other urine is not diluted. Fill.a 50 cc burette with 
the diluted or undiluted urine. Pipette exactly 25 cc of reagent into a 
250 cc (115-mm diameter) porcelain evaporating dish. Add a small 
amount of pumice (preferably) or talc to promote smooth boiling. Add 
7.5 gm of sodium carbonate (Na,CO,.H.O) or 6.0 gm of anhydrous 
sodium carbonate (Na,CO,). Heat to boiling and keep mixture boiling 
vigorously during the titration. Stir with a glass rod if an evaporating 
dish is used, or by rotation if a flask is used. When the carbonate has 
completely dissolved, add the diluted urine from the burette at the rate 
of about 2 drops per second until a chalk-white precipitate forms and 
the blue color begins to fade. The diluted urine should not be added 
so rapidly that the temperature is lowered below the boiling point. At 
the end of the titration allow %4-minute intervals between additions of 
urine, which are made 3 or 4 drops at a time. Blue crusts around the 
edges of the boiling mixture must be pushed into the boiling liquid with 
the glass rod. If much crust forms at edges of the. boiling mixture, add 
a little more water. The end-point is the disappearance of the last trace 
of blue from the hot liquid. 


(2) The volume of liquid must be kept constant at about 25 ce by 


3 Journal of American Medical Association, 57,1193 (1911). 
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boiling off water at the same rate at which the urine is added. If the 
volume is permitted to increase much, the results are not accurate. The 
end-point must be determined while the solution is still hot since, if the 
solution is allowed to cool the reaction tends to undergo reversal and the 
solution will reassume a bluish-green tint. With pure glucose the final 
mixture is entirely colorless except for the grayish appearance imparted 
by the pumice. With urine, a slight yellowish-green color due to urinary 
pigments remains even after the copper has been entirely reduced. 


5d 


c. CALCULATION. Grams glucose per 100 cc urine—=-——. d is the 


number of times the urine is diluted. C is the number of cc of the 
diluted urine used in the titration. When d is 10 the calculation simpli- 
fies to: 

oe oO 


Grams glucose per 100 cc urine = — 


168. Urea and Ammonia (Urease-aeration method (Van Slyke 
and Cullen*, modified by Van Slyke and Hiller*) for titration in 
boric acid solution) 

a. GENERAL. (1) Urea is hydrolyzed by the enzyme, urease, into am- 
monium carbonate: CO(NH,),+2H,O — (NH,).CO,. Phosphate 
buffer is added to give a pH of 6.5 to 7.5 for optimum activity of the 
enzyme during the reaction: without the buffer the ammonium carbonate 
would make the solution too alkaline for the best action of the enzyme. 
From the ammonium carbonate the NH, is set free by addition of satu- 
rated K,CO, solution, and is driven by a rapid current of air into a 
4-percent solution of boric acid. (The 4-percent boric acid solution is 
sufficiently acid to prevent the loss of any significant amount of ammonia 
in the air current, but a 2-percent boric acid solution is not sufficient to 
prevent measurable loss.) The ammonia caught in the boric acid is 

“measured by titrating with H,SO, back to the original pH of the acid, 

as described in paragraph 120e and f. 

(2) The ammonia measured by this procedure includes the nitrogen of 
both the urea and the pre-formed ammonia of the urine. The pre-formed 
ammonia is determined in a separate analysis in which the urease is 
omitted. Subtracting the pre-formed NH, nitrogen from the NH,-+ urea 
nitrogen gives. the urea nitrogen. 


b. Reacents. (1) Urease, 10 percent solution. “Double strength” 
urease is dissolved in 10 cc of water for each gram of the urease. The 
urease powder is weighed into a small flask or cylinder and a small part 
of the water is stirred in, enough to make a paste. Then the rest of the 


4 Journal of Biological Chemistry, 19,211 (1914) and 24,117 (1916). 
5 Unpublished. 
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water is added in portions. If kept in a refrigerator the urease solution 
will retain its activity and form no NH, for several days, but it is prefer- 
able as a routine to prepare only enough solution for each day’s analyses. 

(2) Phosphate buffer. Six gm of KH,PO, and 2 gm of anhydrous 
Na,HPO, (or 5 gm of crystalline Na,HPO,.12H,O) are dissolved in 
water and diluted to 1 liter. 

(3) Saturated potassium carbonate solution. Nine hundred gm of dry 
granular K,CO, are dissolved in 1 liter of water. 

(4) Sulfuric acid, 0.01071 N solution. Fill a 100-cc volumetric flask 
to the mark with 0.1 N sulfuric acid. Transfer the solution with three 
washings to a 1-liter volumetric flask. Add to the 1-liter flask from a 
burette 7.10 cc more of the 0.1 N acid. Fill to the 1-liter mark and mix. 

(5) Boric acid, 4-percent solution. 

(6) Bromcresol green indicator. AO.1 percent solution in alcohol. 
Dissolve 100 mg. of indicator in 100 ce ef 95 percent alcohol. Place in 
dropping bottle and mark the bottle with the number of drops required 
to deliver 0.1 cc. 3 

(7) Caprylic alcohol. 

c. Apparatus. (1) The apparatus is shown in figure 16. In addition 
are required large test tube racks, each rack holding eight tubes. The 
tubes are of heavy-walled Pyrex glass, 32 by 200 mm. The lower ends 
of the inlet tubes end in small bulbs (Folin) with pinhole perforations 
to break the air into small bubbles. The rubber connecting tubes are 
about 6 inches long, and are of thick-walled stethoscope tubing. These 
rubber tubes must be specially cleaned and freed of sulfur or they may 
absorb measurable amounts of ammonia. They are scrubbed out with 
burette brushes, then boiled for 30 minutes in 10 percent NaOH, making 
sure that the bores of the tubes are filled with the solution. The tubes 
are then washed, first in tap water, then in distilled water. They are 
never washed with acid. 


(2) Fifteen or twenty pairs of test tubes can be connected in series 
and aerated with suction from a single pump. A laboratory with many 
routine blood and urine urea analyses may use 50 or more of these tubes. 
Tube IV serves as a wash bottle to remove ammonia frorh atmospheric 
air. One such tube serves for as long a train of A-B-C-D groups as are 
attached to one pump. 

d. PRoceDuRE. (1) Setting up apparatus and digesting with urease. 
(a) Into each of tubes B. and D (fig. 16) measure 25 ce (+0.1 cc) of 
the 4-percent boric acid, 0.7 ce of bromcresol green solution, and 1 drop 
of caprylic alcohol. Set the stoppers in place, without the rubber con- 
necting tubes. 

(b) Dilute 5 ce of urine to 50 cc. Into tube A measure 3 cc of ten- 
fold diluted urine, 3 cc of the phosphate buffer, 2 drops of caprylic alco- 
hol, and 0.5 cc of the urease solution. As soon as the urease is added 
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Figure 16. Aeration apparatus for urea and ammonia determinations. 


close the tube with the stopper, without attaching the rubber connecting 
tubes, and mix. 

(c) While the enzyme is acting in tube A measure 3 cc of the undi- 
luted urine into tube C for NH, determination, and add 2 drops of 
caprylic alcohol. 

(d) To the wash bottle (W, fig. 16) add 5 drops of caprylic alcohol. 

(2) Aeration. (a) After the urease has acted for the required time 
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found in the activity test, connect tube C with D, and D with suction, and 
start a slow current of air. While the current is running add to C 10 cc 
of the saturated K,CO, solution by inserting the tip of a 10 cc graduated 
pipette, with a wide outlet, into the inlet tube of C. Then connect C 
with B and B with A, and similarly admit 10 cc of K,CO, solution into 
A. Then at once connect A with the wash bottle W, so that the series 
is arranged as shown in figure 16. Run the air current slowly for 2 
minutes more, then speed it up to its regular rate, which may be as fast 
as 5 liters per minute. The air current can be run at the full speed 
obtainable with an ordinary water pump. The most likely source of error 
is running the air current too slowly. 

(b) If several analyses are to be done, other groups of four tubes each 
can be inserted in the train between D and the suction pump, and all can 
be treated and aerated together. 

(c) The aeration is continued for the length of time found necessary 
for quantitative transfer of NH, with the air current used (see below). 

(d) The tubes are then disconnected, beginning with the end at which 
the wash bottle is attached. In a long series of tubes those nearest the 
pump are under considerable negative pressure, and if the connection 


were first broken by disconnecting next to the pump, liquid in some of - 


the tubes at that end of the series might be drawn back into the preceding 
tubes. 

(3) Titration. The ammonia in the boric acid tubes is titrated with 
0.01071 N sulfuric acid delivered from a 25-cc burette. A control tube 
for the end-point is prepared by adding 25 cc of 4-percent boric acid, 
25 cc of water, and 2 drops of bromcresol green solution to a tube of the 
same size and shape as those in the series. The 0.01071 N sulfuric acid 
is added to the titrated tube until the blue color changes to approach the 
green of the control. Then water is added to the titrated tube to bring 
its volume nearly up to that of the control, and addition of 0.01071 normal 
sulfuric acid is continued until the color matches that of the control. 

(4) Blank analysis of reagents. Blank analyses are performed on the 
reagents added to tube A and to tube C. The potassium carbonate espe- 
cially is likely to contain traces of ammonia. 

(5) Calculation. Mg urea N+ ammonia N per 100 ce urine = 50 
(A,—C,). A, is the number of ce of 0.01071 N sulfuric acid required 
to titrate the ammonia caught in tube B. C, is the number of cc of 
0.01071 N sulfuric acid required to titrate the ammonia caught in tube B 
in a blank analysis on the reagents in tube A. 

Mg ammonia N per 100 cc of urine = 5 (A,—C,). A, is the number 
of cc of 0.01071 N sulfuric acid required to titrate the ammonia in tube D. 
. C, is the number of ce of 0.01071 N sulfuric acid required to titrate the 
ammonia caught in tube B in a blank analysis of the reagents in tube C. 

‘Urea N = (urea N + ammonia N) — (ammonia N). 
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e. Pornts To Be Notep iN DETERMINATION OF AMMONIA BY AERA- 
TION. (1) The time required for complete transfer of ammonia by aera- 
tion is ascertained as follows: Place 5 cc of a 0.6 percent ammonium 
sulfate solution, 10 cc of potassium carbonate solution and 2 drops of 
caprylic alcohol in tube A of figure 16, and connect with tube B contain- 
ing 25 cc of 4 percent boric acid, 2 drops of bromcresol green indicator 
solution and 1 drop of caprylic alcohol. Pass a current of air at the 
same speed as that used in urea analyses. At 5-minute intervals replace 
the boric acid receiving tube with successive fresh tubes of boric acid. 
Compare the color of the indicator in the boric acid with that in a control 
tube of 4 percent boric acid and indicator. When a boric acid tube from 
the train after 5 minutes’ aeration shows the same color as the control 
tube, indicating that no more ammonia is being evolved, the aeration is 
completed. With a good water pump aeration can be completed in 15 


‘or 20 minutes. 


(2) A slow current of air should be used during the first 2 minutes 
after the potassium carbonate is added. Otherwise ammonia may be 
driven over so rapidly at the start that a slight amount escapes absorp- 
tion by the boric acid. After the first 2 minutes one may use a current 
of 5 liters per minute. In order to transfer all the ammonia in the appa- 
ratus set up exactly as described, 75 liters of air is sufficient (25 liters 
transfers 98 percent). The length of time required to complete the aera- © 
tion depends on the interval required to draw through the necessary vol- 
ume of air. 

(3) The inlet tubes in test tubes A and C, figure 16, must reach to the 
bottoms of the test tubes. 

(4) The potassium carbonate is used for two effects: (1) It liberates 
the ammonia by making the solution alkaline, (2) the concentrated potas- 
sium carbonate diminishes greatly the solubility of ammonia in the water. 
and thereby shortens the time required for the aeration. Potassium car- 
bonate cannot be replaced by sodium carbonate, because the latter does 
not have as great an accelerating effect on the evolution of NH,. 


(5) The time required for the urease to decompose the maximal 
amount of urea that may be present in urine is ascertained by setting up 
in series four pairs of tubes, as directed for tubes A and B, figure 16, 
with 0.3 percent urea solution in place of tenfold diluted urine, and add- 
ing the potassium carbonate to the urea-containing tubes after the urease 
has acted for 5, 10, 15, and 30 minutes, respectively. The train of tubes 
is then aerated and the ammonia in the boric acid tubes is titrated. From 
the results the length of time is ascertained that the urease must act to 
give the full yield of ammonia. The time interval thus ascertained is 
valid for the temperature at which the test is made. A rise of 10° C. in 
temperature shortens the time to half, and a 10° fall in temperature 
doubles the necessary time interval, for the urease to act. 
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(6) Separate sets of tubes and stoppers must be employed as contain- 
ers for the boric acid, and for the urine-potassium carbonate solutions 
respectively, because after concentrated alkali carbonate has been in the 
tubes it is difficult to wash off with water all traces of the alkali. Enough 
may remain to affect the titration if the same tube is used for boric acid. 
Furthermore, if a tube with boric acid adherent in it is used for the 
urease digestion, the urease may be inactivated by the boric acid. The 
tubes and stoppers used for boric acid are marked, and not used for other 
purposes. 

(7) Tubes which are used for Nesslerization cannot safely be em- 
ployed for urea decomposition by urease. The adherent trace of mercury 
salt may inactivate the urease, 


169. Urea (Colorimetric (Gentzkow and Masen) )° 


a. PrINctIpLE. The urea is hydrolized to ammonium carbonate by 
urease as in the foregoing method, but the ammonia is determined by 
clearing the solution with tungstic acid and Nesslerizing the filtrate. The 
procedure is somewhat less exact than the aeration-titration method, and 
colorimetry has the disadvantage that great variations in the urea con- 
- centration of urine lead to colorimetric comparisons in which standards 
and unknown differ outside the desirable 1:2 to 2:1 limits. This disad- 
vantage can be overcome by repeating such analyses with larger or 
smaller samples of urine. 


b. Reacents. (1) The reagents listed for colorimetric blood urea 
(par. 192), (2) Permutit powder, (3) Acetate buffer. Dissolve 15 gm 
of crystalline sodium acetate (NaC,H,O0,.3 H,O) in 50 to 75 cc of water 
in a 100-cc volumetric flask, add 1 cc of glacial acetic acid, and dilute to 
100 ce with water. 


c. Procepure. (1) Preparation and digestion of urine. To 5 cc of 
urine in a 25-cc Erlenmeyer flask add 2 gm of permutit and shake for 5 
minutes with a rotary motion to absorb the preformed ammonia from 
the urine. Filter. Dilute 2 cc of the NH,-free filtrate to 100 cc. Pipette 
5 ce of the diluted urine into a 50-cc volumetric flask. Add 25 to 30 
cc of water, 1 cc of acetate buffer solution, and 20 mg of “double 
strength” urease powder, or 0.2 cc of a 10 percent urease solution. Mix 
and let stand at room temperature the length of time necessary to give 
a 100 percent yield of ammonia from urea in control analyses with 3 per- 
cent urea solutions. (Twenty minutes should suffice.) Then add 2.5 ce 
of the 10 percent sodium tungstate, 2.6 cc of 0.67 N sulfuric acid, and 
water to bring the volume to the 50-cc mark. Mix and filter through 
a dry, ammonia-free filter of good “qualitative” grade, refiltering if neces- 
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sary to obtain an absolutely clear filtrate. The urine has now been diluted 
500-fold, and the concentration of ammonia nitrogen formed from the 
urea will ordinarily approximate the urea nitrogen concentration of a 
1:10 blood filtrate. 

(2) Nesslerization and color measurement. (a) A 5-cc portion of 
urine filtrate is Nesslerized and the color compared with that developed 
in a standard solution containing 0.015 mg of ammonia nitrogen per cc, 
as described in paragraph 192, for determination of the ammonia in fil- 
trate of urease-treated blood. The Nesslerized filtrate is compared with 
the standard in either a colorimeter or a photometer, as described in para- 
graph 192d(4). 

(6) If in the colorimetric or photometric reading the color proves to’ 
be too weak or too deep for accurate measurement, the Nesslerization is 
repeated, with a portion of urine filtrate greater or less than the 5 ce first 
used. 


d. CALCULATION, (1) Colorimetric. When a 5-cc portion of filtrate, 
representing 0.01 cc of urine, is Nesslerized and compared with a stand- 
ard of 0.075 mg of ammonia nitrogen, the calculation is: 


Mg urea nitrogen per 100 cc urine = 750 — 
U 


where S is the reading of the standard and U the reading of the unknown. 
If a volume of filtrate other than 5 cc is used, the calculation is: 


3750 5S 
Mg urea nitrogen per 100 cc urine = ——- KX — 
; U 
where V is the cc of filtrate taken. 
(2) Photometric. When 5 cc of urine filtrate are Nesslerized the 
Nesslerized solution represents a 2,500-fold dilution of the urine. The 


calculation is therefore: 


iDe 
Mg urea nitrogen per 100 cc urine = 750 KX —. 
1s 
D, is the optical density of the Nesslerized filtrate, , the density of the 


standard. 


If a volume of urine filtrate, V, other than 5 cc is taken, the calcula- 
tion is: 
; o/50 mu 


Mg urea nitrogen per 100 cc urine = ——-~ X —. 
V Be 


170. Chloride 


a. The procedure for chlorides in urines of ordinary chloride content 
(above 50 millimoles per liter) is the same described for plasma (par. 
201), 1 cc of urine being mixed with 25 cc of phosphoric-tungstic acid 
solution and shaken with silver iodate, after which 10 cc of the filtrate 
is titrated with 0.2038 normal thiosulfate, 
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b. When the urine chloride is so exceptionally low that less than 5 cc 
of thiosulfate solution is used in the titration, repeat the analysis, taking a 
sample of 5 cc of urine, instead of 1 cc. The 5-ce sample is mixed with 25 
cc of the phosphoric-tungstic acid solution, and the rest of the analysis 
performed as usual. With urines so low in chloride, the larger sample is 
required for a precise result. 

c. CALCULATION WHEN URINE SAMPLE Is 1 cc. 

Millimoles chloride per liter urine ==10 cc thiosulfate. 
Grams NaCl per liter urine = 0.585 & cc thiosulfate. 

d. CALCULATION WHEN URINE SAMPLE Is 5 cc. 

Millimoles chloride per liter urine = 2.31 X cc thiosulfate. 
Grams NaCl per liter urine =0.135 cc thiosulfate. 


171. pH of Urine 
a. REAGENT. (1) Standard buffer solutions. The phthalate and phos- 


phate solutions described in section V of chapter 3. 
(2) Indicator solutions. 0.04 percent solutions of bron’ cresol green, 
brom cresol purple, and phenol red. (See par. 120.) 

b. CoLLECTION oF URINE. If urine is exposed to air, loss of CO, may 
cause a rise in pH. Consequently the urine is collected with least pos- 
sible exposure to air and a portion for the pH determination is placed at 
once in a bottle, which is filled so that only a small air bubble is left, and 
is stoppered. The pH measurement is carried out as soon as possible, 
because on standard bacterial formation of ammonia may quickly cause 
a gross increase in pH. 

c. PH MerasureMENT. In each of three test tubes place 5 cc of water. 
Into the three tubes measure respectively, 0.4 cc brom cresol green, 0.2 
cc of brom cresol purple, and 0.2 cc of phenol red. To each tube add 
1 cc of urine from a 5-cc graduated pipette which dips below the surface 
during the delivery. Dilute to 10 cc with water and mix the contents of 
~ each tube by stirring with a footed rod. From the colors judge which 
indicator is suitable for the measurement and compare the selected tube 
with buffer standards as described in paragraph 119. ~ 


172. Sulfonamides 


a. GENERAL. The reactions and conditions of the Bratton-Marshall 
method and the Fowler method are discussed, respectively, in paragraphs 
209 and 210, in which the methods are applied to blood analyses. Here 
will be given only the differences in preparation of material and in cal- 
culation required for urine analyses. Reagents and standard solutions 
are the same described for blood in paragraphs 209 and 210. 

b. Bratton AND MarsHa.i’s Metuop. (1) Preparation of urine. 
(a) Preparation for colorimetric measurement. The urine is diluted 
500-fold in two stages. First 1 cc of urine is diluted with distilled water 
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to 50 ce (first dilution). Then 5 cc of the fiftyfold diluted urine is 
pipetted into another 50-cc flask, and about 20 ce of water is added. If 
the urine is protein-free, 2 cc of the 4 N HCl is then added; if the urine 
contains protein, 10 cc of the 15 percent trichloracetic acid is added in 
place of the HCl. After addition of either acid, the volume is made up 
to 50 cc, and the liquids are mixed (second dilution). If protein is pres- 
ent, the precipitate formed with trichloracetic acid is filtered off. 

(b) Preparation for photometric measurement. The urine is diluted 
1,000-fold in two stages. For the first dilution 1 cc of urine is diluted to 
100 cc. The second dilution is 5 cc to 50, with addition of HCl or tri- 
chloracetic acid, as for preparation for colorimetric measurement. 

(2) Development of color to measure free sulfonamide. This is car- 
ried out, in the manner described for blood filtrate, on a 10-cc portion of 
either the 500-fold or the 1,000-fold diluted urine, according to whether 
the measurement is to be colorimetric or photometric. 

(3) Development of color to measure total sulfonamide. The hydrol- 
ysis with HCl is carried out on a 10-ce portion of the diluted urine as 
described for total sulfonamide in blood filtrates. In the diluted protein- 
free urine, however, since HCl is added in the final dilution no more 
need be added before heating to hydrolyze conjugated sulfonamide. If 
trichloracetic, instead of hydrochloric, acid is added in the “second dilu- 
tion,” 0.5 cc of the 4 N HCl is added, as in blood filtrates, before heating. 

(4) Development of color in standards. As for blood analyses. 

(5) Colorimetric measurement. As for blood analyses. However, 
because of the variation in the concentration of sulfonamides in urine, 
some samples when diluted 500-fold may give too much or too little color 
for accurate measurement. In such a case another “second dilution” is 
prepared. Of the fiftyfold dilute urine, prepared by the “first dilution,” 
pipette into a 50-cc flask a volume greater or less than the usual 5 cc, 
according to whether a stronger or a weaker color is needed. Then add 
about 20 ce of water, followed by HCl or trichloracetic acid, made up to 
50 cc, as directed under (1) above, develop the color in 10 cc, and repeat 
the colorimetric measurement. 


(6). Colorimetric calculation. When the color is developed in the 500- 
fold diluted urine the calculation is: 


5 
Mg sulfonamide per 100 cc urine = 500 XC; X = 


C; is the mg of sulfonamide per 100 cc of the working standard solution, 
S is the reading of the standard, U the reading of the unknown. 
When the dilution is other than 500-fold, the calculation is: 


2,500 apc 
Mg sulfonamide per 100 cc urine =——— X Cs X—. 


V is the cc of the fiftyfold diluted urine that is diluted to 50 cc in the 
“second dilution.” 
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(7) Photometric measurement. This is done as described for blood 
analyses. 

If the 1,000-fold dilute urine gives too little or too great color intensity, 
repeat the “second dilution,” as described in (5) above, diluting a proper 
volume of the hundredfold diluted urine to 50 cc, with addition of HCl 
or trichloracetic acid, and repeat the photometric measurement. 

(8) Photometric calculation. When the color is developed in the 
1,000-fold diluted urine the calculation is: 


Du 
Mg sulfonamide per 100 cc urine = 200 K —. 


Ds 
Dy is the optical density of the unknown, Ds the density of the standard 
with 0.2 mg of sulfonamide per 100 cc. 
When the dilution is other than 1,000-fold, the calculation is: 


1,000 Du 
Mg sulfonamide per 100 cc urine = ——- 


Ds 
V is the cc of hundredfold diluted urine diluted to 50 cc in the “second 
dilution.” 

c. Futter’s Metuop. (1) Preparation of urine. (a) Preparation 
for colorimetric measurement. The urine is diluted 250-fold in two 
stages. First 2 cc of urine is diluted with distilled water to 50 cc (first 
dilution). Then 5 cc of the twenty-five-fold diluted urine is pipetted 
into another 50-cc flask. Ten cc of the 5 percent trichloracetic acid is 
added, followed by water to make the volume 50 cc (second dilution). If 
a precipitate of proteins appears, filter. 

(b) Preparation for photometric measurement. The urine is diluted 
500-fold in two stages. The first dilution is 1 cc of urine to 50. The 
second dilution is 5 cc of the first to 50, with addition of trichloracetic 
acid, as described above. 

(2) Development of color to measure free sulfonamide. This is car- 
ried out, in the manner described for blood filtrate, on a 10-cc portion of 
the 250- or the 500-fold diluted urine, according to whether the measure- 
ment is to be colorimetric or photometric. However, when the alkaline. 
thymol solution is added to urine a precipitate of calcium and magnesium 
salts usually forms. This is filtered off and the clear filtrate is used for 
measurement of the color. 

(3) Development of color to measure total sulfonamide. The hydrol- 
ysis with HCl and the color development are as described for total sul- 
fonamide in blood filtrate. Filter off calcium and magnesium salts that 
precipitate after addition of alkaline thymol solution. 

(4) Development of color in standards. As for blood analyses. 

(5) Colorimetric measurement. As for blood analyses. 

However, because of the variation in the concentrations of sulfona- 
mides in urine, some samples when diluted 250-fold may give too much 
or too little color for accurate measurement. In such a case another 
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“second dilution” is prepared. Of the twenty-five-fold diluted urine pre- 
pared by the “first dilution,” pipette into a 50-cc flask a volume greater or 
less than the usual 5 cc, according to whether a stronger or weaker color 
is needed. Then add 10 cc of 5 percent trichloracetic and complete the 
“second dilution” to 50 cc. Repeat the colorimetric measurement with 
10 ce of this dilution. 

(6) Colorimetric calculation. When the color is developed in the 250- 
fold diluted urine the calculation is: 


Ss. 
Mg sulfonamide per 100 cc urine =250X Cs X —. 
U 


When the dilution is other than 250-fold, the calculation is: 
Mg sulfonamide per 100 ce urine = = XC. X = 

V is the cc of the twenty-five-fold diluted urine that is diluted to 50 ce 
in the “second dilution.’’ C, is the mg sulfonamide per 100 cc of working 
standard. | 

(7) Photometric measurement. This is as described for blood analyses. 

If the 500-fold diluted urine gives too little or too great color intensity, 
repeat the “second dilution,” as described above for colorimetric measure- 
ment in urine, diluting a proper volume of the fifty-fold diluted urine to 
50 ce with trichloracetic acid and water. Repeat the photometric meas- 
urement with 10 cc of the urine thus diluted. 

(8) Photometric calculation. When the color is developed in the 500- 
fold diluted urine the calculation is: 


Du 
Mg sulfonamide per 100 cc urine = 150 aoe 


When the dilution is other than 500-fold the calculation is: 
750 Da 
Mg sulfonamide per 100 cc urine = 8.25 ee 
D, is the optical density of the unknown, D, the density of the standard 
with 0.3 mg of sulfonamide per 100 cc, V is the cc of fiftyfold diluted 


urine diluted to 50 cc in the “second dilution.” 


Note. For determination of ethyl alcohol in urine the procedure is the same as 
described for blood analysis in paragraph 208, 


163 


CHAPTER 5 
EXAMINATION OF GASTRIC CONTENTS 


Section |. PHYSICAL EXAMINATION 


173. Macroscopic 
a. AMountT. The capacity of the average adult’s stomach is approxi- 


mately 1,500 cc. The fasting residuum varies up to 100 cc but is rarely 
over 50 cc unless obstruction is present. 

b. Emptyinc Time. Emptying time varies greatly, but the normal 
stomach is usually empty within 7 hours after a light meal. 

c. APPEARANCE AND Opor. The normal fasting residuum may be thin, 
clear, and colorless, but usually it is turbid, grey, or bile tinged, with a 
greater or lesser admixture of saliva and mucus. Occasionally it is thin 
but usually it is mucoid or syrupy. Blood may appear as such, but usually 
small amounts, changed by the stomach acid, give a light brown to dark 
chocolate tint depending on the quantity. Clear gastric juice has prac- 
tically no odor; if much mucus or saliva is present there is a slightly 
sour, musty smell. Only very rarely is the odor foul. 


174. Microscopic 


Microscopic examination of gastric contents is unnecessary as a routine. 
Materials that may be looked for on occasion are blood, food particles, 
bits of tissue or tumor, foreign body material, and tubercle bacilli that 
have been swallowed. Very rarely parasites may be found, probably 
swallowed with food or water. 


~ Section Il. TESTS OF GASTRIC SECRETION 


175. Basal Gastric Secretion 
a. ProcepurE. The patient should be at rest (sitting or reclining) 


having taken no food or fluid for 12 hours. A duodenal tube is passed 
for a sufficient distance to allow its tip to reach the most dependent part 
of the stomach. The position of the tube is maintained by strapping it 
to the angle of the mouth with adhesive. The patient is urged not to 
swallow saliva, and this point is emphasized throughout the test. A ves- 
sel is furnished for expectoration. As soon as the tube is in place the 
fasting contents are withdrawn with a syringe. A 50-cc Luer syringe 
is most satisfactory. Continuous suction is kept up, and the material 
obtained is segregated in graduated tubes in portions obtained over suc- 
cessive 10-minute periods. Aspiration is kept up for 1 hour, when the 
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test is terminated. After.a few periods, the flow of juice usually reaches 
a nearly steady level. The amount of juice obtained during a 10-minute 
period after this point is reached, and its acidity, are taken as the basal 
secretory values for that person. Done in this way remarkably constant 
results are obtained on the same subject on successive days. 

b. Resutts. The values for basal secretion in healthy people are as 
follows: 10-minute secretory volume, 5 to 25 cc; total acidity, 0° to 110°; 
and free acid, 10° to 30° less than the total. The regurgitation of any 
large amount of bile interferes with the test, which must then be repeated 
on another day. As a rule the measurement of basal secretion suffices. 
However, if no free acid is present, one may proceed to the histamine test. 


176. Histamine Test 

If the basal test yields no free acid, histamine may be given to see whether 
a true anacidity exists. Histamine is useful in stimulating the greatest 
flow of juice of highest acidity of which the stomach is capable. 

a. Procepure. After the fasting secretions have been collected over 
two or three 10-minute periods and have reached a minimum, 1 cc (1 
mgm) of histamine phosphate (item 1227800) is injected subcutaneously 
to stimulate gastric secretion. This dose is adequate; although a wheal 
is produced at the site of injection and at times the patient complains 
of a hot, flushed feeling in the face and neck, noteworthy constitutional 
symptoms rarely occur. After the injection of histamine, aspiration of 
gastric juice is continued over four to six 10-minute periods. A certain 
amount of practice is necessary before the procedure can be carried out 
satisfactorily. At first, owing to the alternating phases of tone and relax- 
ation to which the fasting stomach is subject, it is difficult to make con- 
inuous aspiration and there is a tendency to traumatize the mucosa. 
After a little experience one develops a tactile sense that renders the 
procedure simple. If there is marked bile staining, the test must be dis- 
carded and repeated on another day. The aspirated material is normally 
a clear, limpid, or slightly opalescent fluid containing more or less mucus, 
which can be readily removed by centrifugation. Such juice is suitable 
for chemical tests of all sorts. 

b. Resutts. (1) Volume. The largest amount of gastric juice ob- 
tained during any single 10-minute period after histamine varies in nor- 
mal people froin 5 to 50 cc. The latter value is only very rarely ex- 
ceeded. However, in the majority of cases maximum 10-minute secretion 
is from 15 to 40 ce. : 

(2) Acidity. The highest acidity (total) obtained during the course 
of the test varies from 0° to 160°, but in the majority of normal people 
it lies between 80° and 130°, (See fig. 17.) 
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Figure 17. Curve of acidity and volume of secretion in a normal person after 
histamine stimulation. (The total secretion was collected over 10-minute periods.) 


Section Ill. CHEMICAL ANALYSIS 


177. General 


Examine all specimens in the order collected. 


178. Technique 

a. REAGENTS. (1) Tépfer’s reagent. Dissolve 0.5 gm of p-dimethyl- 
aminoazobenzene in 100 cc of 95 percent ethyl alcohol. 

(2) 0.1 N sodium hydroxide. 

(3) Phenolphthalein indicator. Dissolve 0.05 gm of phenolphthalein 
in 100 cc of 50 percent ethyl alcohol. 

b. Procepure. (1) “Free hydrochloric acid.” Place 5 cc of gastric 
juice (filter, if necessary) in a small beaker, Add a drop or two of 


166 


Topfer’s reagent. If the pH is low enough to indicate what is called 
arbitrarily “free HCl,” the solution turns a bright red color. Add 0.1 N 
sodium hydroxide solution from a burette until the red color turns salmon 
pink. The number of cubic centimeters of hydroxide used multiplied 
by 20 gives the “free-acidity” value in degrees. One hundred degrees is 
the equivalent of 0.1 N HCl. 

(2) “Total acidity.” After the completion of procedure (1), add 1 
drop of the phenolphthalein indicator, and titrate with 0.1 N sodium 
hydroxide solution from a burette until there is produced a faint pink 
color that persists for 2 minutes. The total number of cc of alkali used 
in (1) and (2) multiplied by 20 gives the “total-acidity” in degrees. 
This is merely a measure of total buffer effect arbitrarily stated. 

c. Resutts. With the histamine test, “free HCl” is from 5 to 30° 
less than the “total acidity.” This indicates that the clear gastric juice 
obtained after histamine has only slight -buffer value. 


179. Occult Blood (Guaiac Test) 


a. REAGENTS. (1) Hydrogen peroxide 3 percent. 

(2) Acetic acid, glacial reagent. 

(3) Guaiac solutions. Prepare a fresh solution each time the tests are 
performed by dissolving 0.5 gm of powdered gum guaiac in 30 ce of 95 
percent alcohol. 

b. PROCEDURE FOR Gastric Juice. (1) Direct test. Add 1.0 cc of 
hydrogen peroxide to 1.0 cc of the fresh guaiac solution. Place 2.0 cc of 
the material for analysis in a test tube and make strongly acid with acetic 
acid. Add 0.5 cc of the peroxide-guaiac solution and observe for the 
appearance of a violet or blue color. The intensity of the color and the 
speed with which it develops are a rough measure of the amount of blood 
present. An excess of the peroxide-guaiac interferes with the delivery of 
the test solution. 

(2) Confirmatory test. If fat is present, make the test material 
slightly alkaline with sodium carbonate or sodium hydroxide solution. 
Extract in a separatory funnel with an equal amount of ether. Discard 
the ether extract. Make the residue slightly acid with acetic acid and 
again extract with ether. Evaporate the ether to dryness on a water bath. 
Dissolve the residue in a few drops of water. Add a drop of guaiac 
solution and a drop of hydrogen peroxide and observe for the blue color. 

c. PROCEDURE FoR Feces. (1) Ether extraction test. Make a thin 
fecal suspension in approximately 5 cc of water. Shake with 5 cc of 
ether to remove fat. Discard the ether extract. Acidify the residue with 
acetic acid and again extract with 5 cc of ether. Evaporate the ether 
extract and test as above. 

(2) Direct test. Smear a small portion of feces on a microscopic slide 
or a piece of blotting paper. Acidify with a few drops of glacial acetic 
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acid and add 2 or 3 drops of the guaiac-peroxide solution. Observe for 
the development of a blue color. 


180. Other Tests 

Tests for lactic acid, pepsin and nitrogen give no useful clinical informa- 
tion and are no longer advised in routine work. For total chloride use 
a 1 cc sample of gastric juice and apply the method described for plasma 
chloride. (See par. 201.) 
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CHAPTER 6 


CHEMICAL ANALYSIS OF BLOOD AND SPINAL 
FLUID 


Section |. PREPARATION OF BLOOD, PLASMA, AND 
SERUM FOR QUANTITATIVE CHEMICAL ANALYSIS 


181. Handling Blood and Treating With Anticoagulants 

a, DRAWING AND TRANSFER OF BLoop, (1) (a) The object in pre- 
paring blood for chemical analysis is to bring to the analysis samples 
of blood, plasma, or serum in which the substances to be determined have 
exactly the same concentrations as in the circulating blood. The tech- 
nique for drawing blood has been described in section X, chapter 1. | In 
transfer from syringe to tubes, the blood should be handled gently to 
avoid hemolysis. Do not squirt the blood from syringe to tube, espe- 
cially not through a fine needle as this is apt to cause hemolysis. Instead, 
lower the tip of the needle to the bottom of the tube and expel the blood 
gently, raising the tip of the needle so that it remains just under the 
rising surface of the blood. If the needle does not reach to the bottom 
of the tube, let the blood drain down the side of the tube, and not fall 
through the air. 

(b) The tubes or flasks receiving the blood should be of such size that 
the blood will fill them from one-third to two-thirds full. If the blood, 
or serum or plasma from it, is to be shipped, or for other reasons not 
analyzed on the day drawn, the blood should be drawn under the sterile 
precautions described in section X, chapter 1, and the receiving tubes 
or flasks should be sterile. 

(2) If the blood is kept at ordinary room temperature analysis should 
be begun, or serum, plasma or protein-free filtrate should be separated, 
within 1 hour after the blood is drawn, except in the special cases where 
preservation for shipment is permissible. (See tables XIV and XV.) 
Avoidance of delay is especially important in sugar analyses. If the blood 
is at once chilled in ice water and kept in a refrigerator near 0° C., it 
may be kept for several hours. 

b. TREATMENT WitH OxataTte. (1) Preparation of tubes or flasks 
with postassium oxalate. (a) Because of its ready solubility, potassium 
oxalate is more frequently used as anticoagulant than other oxalates. 
One mg of potassium of sodium oxalate per cc of blood suffices to pre- 
vent clotting; more than 2 mg per cc begins to cause hemolysis, and to 
alter measurably the distribution of water and electrolytes, notably the 
chloride and bicarbonate (alkali reserve) between cells and plasma. Hence, 
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the vessels to receive blood are coated with oxalate measured to provide 
between 1 and 2 mg for each cc of blood. It is desirable to prepare ster- 
ilized tubes and to coat them in advance with the oxalate in films on the 
walls ; in this form, the oxalate dissolves instantly, and a minimal amount 
prevents coagulation. 

(b) For each cc of blood to be received, 0.01 to 0.02 ce of a 10 per- 
cent neutral potassium oxalate solution is pipetted into the receiving tubes 
or flasks. For most purposes, two sets of receivers will suffice. One set, 
for 6 to 10 cc portions of blood, receives in each vessel 0.10 cc of 10 
percent of potassium oxalate solution; the other set, for 3 to 5 cc of 
blood, receives 0.05 cc of the same solution. The oxalate solution is dis- 
tributed in a thin film about the lower part of the vessel, and is dried, 
by leaving the vessel in a desiccator over calcium chloride, or in an incu- 
bator at 38°, or in an oven at less than 80° C. Higher temperature 
decomposes the oxalate into carbonate. 

(2) Other oxalates, including Heller and Paul’s mixture. Lithium or 
sodium oxalate may be used in place of the potassium salt. Ammonium 
oxalate, because of its NH, content, cannot be used when urea or Kjel- 
dahl determinations are to be done, hence is excluded from general use. 
Heller and Paul’s mixture (2 parts potassium oxalate and 3 parts am- 
monium oxalate) has the advantage that it changes the cell volume but 
little; it is desirable in the special cases that hematocrit determinations 
are to be done, or that the copper sulfate method for hemoglobin, hemato- 
crit, and plasma proteins is to be applied. 

c. ANTICOAGULANTS OTHER THAN OxaLaTE. (1) Heparin 0.2 mg 
per cc of blood is excellent for all purposes. It is the one anticoagulant 
which provides a plasma that can be used as well as serum for calcium 
determination. 

(2) Sodium citrate, 5 mg per cc can be used when whole blood is to 
be analyzed, but is less desirable than oxalate when plasma is to be 
analyzed, because the citrate disturbs more the distribution of water and 
electrolytes between cells and plasma. 

(3) Sodium fluoride, 10 mg per cc of blood, will prevent not only 
coagulation, but also loss of sugar by glycolysis, and, furthermore, ap- 
pears to stabilize uric acid. Fluoride also acts as a bacteriostatic agent, 
and with 1 mg of thymol per cc of blood will prevent bacterial changes 
for a week. It is recommended only when whole blood must be shipped 
for creatinine, nonprotein nitrogen, or sugar analyses. (See table XIV.) 
It cannot be used if urea is to be determined, as it inhibits the action of 
urease. 


182. Separations of Serum and Plasma 
a. Serum. (1) Blood serum is blood plasma without the fibrin. The 
blood is transferred to a round bottomed tube without anticoagulant. 
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Let the tube stand at room temperature a short time until the clot has 
formed, then chill in ice water and place in the refrigerator. When the 
clot has contracted, gently free the top part from the tube if it sticks, then 
centrifuge. Transfer the serum to a clean, dry tube. If serum is to be 
shipped for analysis, use sterile precautions. 

(2) If a centrifuge is not available, clear serum may be obtained by 
placing the tube containing the clotted blood in a nearly horizontal posi- 
tion, forming a long slanting surface. After clotting is complete, chili 
thoroughly, then place the tube upright in a refrigerator overnight. In 
the morning, pour off the clear serum from the side of the tube opposite 
the slant. 

b. PLasma. Oxalated or heparin-treated blood is centrifuged for 10 
to 20 minutes at 2,000 to 3,000 rpm. 


183. Preservation of Blood 

If blood cannot be analyzed immediately, precautions must be taken to 
prevent changes in the concentration of substances to be determined. The 
changes to be prevented and the means to avoid them are chiefly the 
following. 

a. DECREASE IN VOLUME BY EvaporaTIon. Blood, plasma, serum, and 
filtrates are to be kept in stoppered vessels, which are opened only mo- 
mentarily for withdrawal of samples. During centrifugation, tubes are 
covered with rubber caps ;-centrifuging for even 1 minute in an open tube 
can cause a significant evaporation, measurable by weighing the tube 
before and after the centrifugation. 

b. Enzymic Cuances. As soon as the blood is shed, enzymes in the 
cells begin to turn the glucose into lactic acid, to split free phosphoric 
acid from organic phosphates, to consume O,, and to produce CO,. These 
changes affect not only cell composition, but by diffusion also the glucose, 
alkaline reserve, and phosphate content of the plasma. The acidifying 
changes also cause the cells to swell, increasing the protein concentration 
in the plasma, while the plasma chloride is decreased by diffusion into the 
cells. For all plasma and serum analyses, separation from the cells should 
be carried out soon, preferably within 1 hour after the blood 1s drawn. 
For sugar and nonprotein nitrogen analyses, the whole blood can be 
preserved by adding fluoride, which retards enzymic changes. 

c. BactTerIAL CHances. The changes produced by bacteria are unpre- 
dictable. They include destruction of the sugar, hydrolysis of the urea 
to ammonium carbonate, and digestion of the proteins. To prevent these 
changes blood, serum, and plasma, if not analyzed on the same day when 
drawn, are handled with sterile technic. When serum can be used, it is 
preferable to plasma because the oxalate used to obtain the plasma can- 
not be completely sterilized, although the 10 percent solution is some- 
what bactericidal. Similarly, when defibrinated whole blood can be 
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shipped it is preferable to oxalated blood because the defibrinatec blood 
can be sterile. Addition of 10 mg of sodium fluoride and 1 mg of thymol 
per cc of blood retards the growth of bacteria, but no preservative is 
satisfactory if gross bacterial contamination has occurred. 

d, INTERCHANGE OF SUBSTANCES BETWEEN CELLS AND PLasMaA. (1) 
In blood as drawn none of the substances analyzed has identical concen- 
trations in plasma and cells; the proteins and organic phosphates are 
entirely different in the two phases; potassium is almost entirely in the 
cells, sodium in the plasma; chloride and CO, are almost twice as con- 
centrated in plasma as in cells; amino acids are twice as concentrated 
in the cells. Of the plasma constituents ordinarily determined, only urea, 
sugar, creatine, and uric acid have nearly enough the same concentrations ; 
in cells and plasma in vivo to give their determination in whole blood 
acceptable clinical significance. It is essential to keep the other sub- 
stances confined within cells and plasma, as when drawn, until the plasma 
is separated for analysis, or the results will not indicate plasma concen- 
tration in vivo. The forces that keep cell and plasma constituents apart 
begin to break down soon after blood is drawn, and the constituents of 
the two phases begin to mix. To prevent this, as well as the effects of 
cellular enzymes, follow the precautions of paragraph 181 to prevent 
hemolysis, and separate the serum or plasma soon after the blood is drawn, 
preferably within 1 hour. 


(2) In table XIV are summarized the amounts of blood required for 
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“file RII! Ss pectfications for handling samples of whole blood for analysis 


Maximum time 


Can be shipped allowabl 
Analysis Poet blew or not for ; between Precautions 
analysis drawing and 
analysis 

Alcohole.- 25 = Ut Eee ee ae eee Wiekteee sa 72-hourss. 2 22 oe Sodium citrate 50 mg and 
sodium fluoride 75 mg. 
per 10 cc. 

Carbon monoxide] 5 to 10________- Wiese ues Undetermined Avoid escape of CO by stor- 
ing in closed vessel with 
little air space. 

Hemoglobin and | 0.2 to5.0.1cc | No. Can be Few hours-_-_-_--- Avoid more oxalate than 

hematocrit by suffices for * analyzed at directed. Avoid hemol- 
copper sulfate plasma pro- bedside. ysis. 
gravity method. teins also. 

Nonprotein N.___] 5.-.-.-..-2... | Yes, with 1 week with Shipment of fluoride blood 
fluoride fluoride. permissible, but better to 
preservative. precipitate proteins and 

2 ship filtrate, 

Sugatsec see oes SEEMS Se Siesals se Yes, with 1 week with Either add fluoride or, 

fluoride. fluoride. One better, precipitate pro- 
hour without teins at once after draw- 
F ing blood. 

Sulfonamides =~ 2.4 3°té:7e. oo ingots Ss as __| No. definite____ 

Urea cea Ot TOA SSF. Se Yes, defibrinated] 1 to 2 days__-_-- Do not use fluoride; it in- 
sterile. hibits urease action. 
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Table XV. Specifications for handling samples of plasma or serum for analysis 


| 
Maximum time 


Analysis - : a soem = allowable 
and material Cc of pieot stand shipment between 
used for it te cotect for this seperation 
analysis? rom cells 
analysis 

Albumin, total Bese base 5 Weg cCees foo 2-3. dayas is. 
protein, and 
A/G ratio. 

Plasma. 

Bulirebin, Serum) 52-220 6.22.5-.- [5 aig fl hes ie 2 hotire: = 

Caleinii-Serum-or{ §oo2s5 2222 2S - Wiese esa 2h Indefinite if 
heparin plasma. sterile. 

Carbon dioxide jC) Hoel ES Se intestate 24 hours o> 
capacity. 

Oxalate plasma. 

Chloride.. Plasma,| 2-5_..._.-..--- Ree os a pe Indefinite_______ 
or serum. 

eeclesteror -tcral ls o0 8 Sp weg ae Indefinite_______ 
Plasma or 
serum. 

Cholesterol, Sie rae NG ed oc th ea 2 hours at 20°. 
esterified. 

Plasma or 
serum. 

Creatinine. < ee to ald Mester ooeeee 1 week with 
Plasma or fluoride, less 
serum. without. 

Phosphate, [Ria ie alee A ae Weer ite sak Trichloroacetic 
inorganic. filtrate lasts 
Plasma or indefinitely. 
serum, 

Phosphatase. 5 |) SESE ees | tr ae ea 1 hour at room 
Serum. temperature; 

24 hours in 
refrigerator. 

Proteins by 1-5. Suffices Wes ses escues: 2-3days==— 2 
copper sulfate also for 
gravity method. hemoglobin 
Plasma or and hema- 
serum. tocrit. 

Wrieseid. Plasma) S252 350202. Big seb ere ae pe 1 week with 

fluoride. 


or serum. | 


Precautions 


Avoid hemolysis. Avoid 
high temperature during 
transportation. 


Avoid hemolysis. 


Avoid permitting escape of 
CO2 from whole blood by 
streaming or agitation in 
air before centrifuging. 
Use neutral oxalate. 

Avoid excess oxalate. Use 
same precautions as for 
COg capacity. 


Plasma or serum may be 
kept 1 or 2 daysin ice box. 
Avoid hemolysis. 


Avoid hemolysis and delay 
between drawing and 
centrifuging. 


Same as for inorganic 
phosphate. 


Avoid more oxalate than 
specified. Avoid hemol- 
ysis. 


different analyses and other data on conditions that must be observed in 
preparing blood, plasma, or serum for the analyses. 


184. Preparation of Protein-free Blood Filtrate 


(Folin and Wu, 


J. Biol. Chem., 38, 81 (1919); 51, 419 (1922); Haden, J. Biol. 
Chem., 56, 469 (1923) ) 


a. REAGENTS. 


(1) Sodium tungstate (Na,WO,.2H,O), 10 percent 


solution. Ten grams of Na,WO,.2H,O per 100 cc of solution. If the 
solution is too acid or too alkaline, it will not precipitate proteins com- 
pletely. Pipette a 10-cc portion into a flask and add a drop of phenolph- 
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thalein indicator. Titrate with 0.1 N H,SO, or NaOH, whichever is 
required to bring the color to slight pink. If more than 0.4 cc of 0.1 V 
acid or alkali is required, add to the main solution of tungstate, per 100 
cc, a volume of 1.0 N sulfuric acid or NaOH equal to the volume of 
0.1 N required in the test titration. The Na,WO, solution is 0.3 molar. 

(2) Sulfuric acid, N/12 solution. Dilute one volume of 1 N sulfuric 
acid with 11 volumes of water. 

(3) Sulfuric acid, N/12, with 0.25 percent benzoic acid. Per 100 cc 
of the N/12 acid, add 0.25 gm of benzoic acid and dissolve. 

(4) Sulfuric acid, 10 percent. Ten cc of concentrated H,SO, to 
100 cc. 

(5) Sulfuric acid, 0.67 N. Dilute 67 cc of 1 N sulfuric acid to 100 ce. 

b. Procepure. (1) (a) Pipette the sample of blood or plasma into 
a volumetric flask of capacity equal to 10 times the volume of the sample. 
Add the N/12 sulfuric acid until the flask is about three-fourths full. 
Mix the acid and the blood by gentle whirling. Then add a volume of 
10 percent tungstate equal to the volume of the blood sample, fill the flask 
to the mark with the N/12 acid, stopper, and mix by inverting 10 times. 
(If the filtrate is to be shipped for analysis, use the N/12 H,SO, with 
added benzoic acid, which acts as a preservative.) 

(b) Instead of using a volumetric flask, one may pipette the sample 
of blood or plasma into an Erlenmeyer flask, add 8 volumes of N/12 sul- 
furic acid, mix by rotation, and add 1 volume of 10 percent tungstate. 


(2) When whole blood is thus treated, the mixture should change 
from pink to brown. If this change does not occur in a few minutes, the 
coagulation is incomplete, usually because too much citrate or oxalate has 
been added previously. If the proper color change fails to occur, pour 
the mixture into an Erlenmeyer flask and add 1 drop of 10 percent sul- 
furic acid for each cc of blood present, mix by whirling, and note whether 
the color change occurs. If it does not, repeat the addition. 

(3) Either centrifuge or filter the mixture. Centrifugation yields 
somewhat more filtrate. Cover the centrifuge tube with a cap to prevent 
evaporation during centrifugation. 

(4) For filtration, use a dry filter large enough to hold the entire mix- 
ture, and cover the funnel with a watch glass. If the first portion of 
filtrate is not clear, return it to the filter. 

(5) As soon as filtration is complete, place the filtrate in a stoppered 
flask to prevent evaporation. 


(6) Spinal fluid. Prepare a 1:5 mixture for protein-free filtrate in. 


place of the 1:10 above. To each volume of spinal fluid add 3 volumes 
of distilled water, 0.5 cc of 10 percent sodium tungstate and 0.5 cc of 
0.67 N sulfuric acid. Allow to stand 10 minutes and then filter. Normal 
values for spinal fluid are 40 to 70 mg glucose per 100 ce. 
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Section Il. CHEMICAL ANALYSIS 
185. Nitrogen by Microkjeldahl Analysis, Titrimetric’ 


a. GENERAL. (1) In Kjeldahl’s method organic nitrogen is converted 
into ammonia by heating with concentrated sulfuric acid, with addition 
of catalysts to accelerate the conversion and make it quantitative. In the 
present procedure the catalysts are mercuric and potassium sulfates. 
The ammonia formed by the digestion is set free by alkali and is driven 
by a current of air into boric acid solution by the procedure described 
for determination of urea and ammonia in urine (par. 168), the am- 
monia caught in the boric acid solution being titrated with standard sul- 
furic acid solution. With the alkali used to set the ammonia free, thiosul- 
fate is added to prevent the mercuric oxide from holding back ammonia 
during the aeration. 

(2) Compared with the colorimetric procedure described in paragraph 
186, the titration method has the advantage that it requires less skill in 
handling the digestion with sulfuric acid, and that its results are likely 
to be somewhat more exact. The colorimetric method, on the other hand, 
has the advantages of being quicker, and of requiring only 0.05 to 0.2 mg 
of nitrogen, compared with 0.5 mg or more for the titration method. 

b. Apparatus. (1) The heavy-walled 32- by 200-mm test tubes, the 
racks, etc., described for the determination of urea and ammonia in urine. 
(See par. 168.) 

(2) Pyrex test tubes, 25 by 200 mm or 20 by 150 mm, for the diges- 
uions. 

(3)A burette, 10 or 25 cc. 

(4) Chips or beads to prevent bumping during digestion. The silica 
chips described for the colorimetric method (par. 186a) may be used. 

(5) Digestion rack to hold the Pyrex tubes during digestions. Micro- 
burners with wind shields provide heat for the digestions. The mouths 
of the tubes should rest in holes in a lead or glass pipe which is con- 
nected with a good suction to carry away fumes of sulfuric acid. 

c. Reacents. (1) Concentrated sulfuric acid, reagent grade. 

(2) Potassium sulfate, pulverized, reagent grade. 

(3) Mercuric sulfate solution. Pour 12 cc of concentrated sulfuric 
acid with stirring into 100 cc of water. Add 10 gm of mercuric oxide 
and warm until dissolved. 

(4) Alkaline thiosulfate solution. Dissolve 240 gm of sodium hydrox- 
ide in 560 cc of water and cool. Dissolve 50 gm of sodium thiosulfate 
(Na,S,O,.5H,O) in 80 cc of water. Mix the two solutions. 

(5) Boric acid, 4 percent. 

(6) Brom cresol green indicator, 0.1 percent alcoholic solution. Dis- 
solve 100 mg of brom cresol green in 100 cc of 95 percent alcohol. 
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(7) Caprylic alcohol. 

(8) Standard sulfuric acid solution, 0.01414 N. From a 25-cc burette 
deliver 14.14 cc of standardized 1 N sulfuric acid into a 1-liter volumetric 
flask, dilute to volume with water, and mix. . 

d. ProceDuRE. (1) Digestion. Into one of the Pyrex digestion tubes 
measure a sample containing 0.5 to 3.0 mg of nitrogen. Add 1 ce of con- 
centrated sulfuric acid, 0.5 gm of K,SO,, 0.5 cc of mercuric sulfate 
solution, and 2 or 3 antibump chips. Place the tube in a slanting position, 
with the mouth in a flue or other device to carry away fumes. Heat with 
the tip of the shielded microburner until water has been driven off and 
the charred solution has become clear. Then continue the heating of the 
cleared solution for 30 minutes longer. If any particles of carbon are 
noted on the wall of the tube above the digestion fluid, turn the tube so 
that the particles are brought into the fluid before the final 30-minute 
period is begun. During the entire digestion the mixture must be de- 
finitely boiling. 

(2) Aeration of ammonia. The digest is allowed to cool (but not to 
stand till it hardens), then is washed into one of the large aeration tubes 
with 10 cc of water, which is used in 4 or 5 portions for the washing. A 
receiving tube for the ammonia is prepared with 25 cc of 4 percent boric 
acid, 0.1 cc of indicator solution, and a drop of caprylic alcohol, as 
described in paragraph 168, and the connections are made ready for the 
aeration. Three drops of caprylic alcohol are added to the tube with the 
digest, the connections are completed, and a slow current of air is drawn 
through the pair of tubes. From a graduated pipette 7 cc of the alka- 
line thiosulfate solution 10 N NaOH solution is run into the tube that 
contains the digest, by way of the glass tube that serves as air inlet. The 
current of air draws the alkali in and mixes it with the acid. The aera- 
tion set is then connected with the wash bottle and the aeration is car- 
ried out as described in paragraph 168. A dozen or more pairs of tubes 
can be aerated in one train together. 

(3) Titration. The titration is carried out as described for determina- 
tion of urea and ammonia (par. 168) except that the 0.01414 N sulfuric 
acid is used for the present titration. The burette should have a fine tip 
attached so that drops not larger than 0.02 cc can be delivered. 

(4) Blank. Blank analyses are done in which the digestion mixture 
is heated and the digest is alkalinized, and aerated as in the analyses, and 
any ammonia caught in the boric acid is titrated. 

(5) Calculation. Mg N in sample =0.2 (A—B). 

A represents the cc of 0.01414 N H,SO, used in titrating the NH, 
yielded by the unknown, B the cc of 0.01414 acid used in titrating the 
blank on the reagents. If the yield of NH, were 100 percent, the normal- 
ity of H,SO, that would be used, in order to apply the factor 0.2 in the 
calculation, would be 0.01428, instead of 0.01414 N. However, the 
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method described yields with uniformity 99 percent of the theoretical 
ammonia. In order to correct for this deficit of 1 percent, the standard 
H,SO, solution is made 1 percent less than theoretical in concentration. 


186. Nitrogen by Microkjeldahl Analysis, Colorimetric? 

a. GENERAL. The ammonia formed by digestion with sulfuric acid 
and catalysts (par. 185) 1s estimated from the color obtained by adding 
Nessler’s solution to the diluted digest. It is essential to obtain com- 
plete digestion, with quantitative yield of ammonia, and at the same time 
to avoid the use of reagents which may produce turbidity, or the use of 
prolonged digestion, which might produce turbidity from silicate detached 
from the glass digestion vessel. These objects are attained by using 
potassium persulfate to finish quickly the oxidation of the organic matter. 
The persulfate is not added till the final stage of the digestion; if it were 
added at the beginning of the digestion of a water solution, it might be 
entirely decomposed by the hot water (2K,S,O0, + 2 H,O ~ 4 KHSO,+ 
O,) before oxidation of the organic matter was completed. When the 
digested material is protein, the nitrogen obtained by this method is only 
97 percent of the total, and a factor of 1.03 is used in the calculation to 
correct for the 3 percent deficit. The relative advantages of the colori- 
metric method compared with titrimetric are discussed in paragraph 185. 

b. Reacents. (1) Digestion mixture. Mix concentrated reagent 
grade sulfuric acid with an equal volume of 0.3 percent water solution 
of cupric sulfate (CuSO,.5H,O). 

(2) Potassium persulfate (K,S,O,), 2.5 percent water solution. (a) 
The solution is prepared without heating in order to avoid decomposition 
of the persulfate. The solution can be kept in an ice box below 5°.C. 
for 6 months, or at room temperature for about 1 month, without decom- 
position of more than 10 percent of the persulfate, which is permissible. 

(b) The persulfate used must be of a special, ammonia-free grade, with 
less than 0.01 mg of ammonia nitrogen per gram. Persulfate containing 
somewhat more ammonia can be purified by recrystallization. To recrys- 
tallize 100 gm, heat 250 cc of water to boiling in a 500-cc Erlenmeyer 
flask, remove the flask from the flame, add the persulfate, and stir until 
dissolved. Do not heat after adding the persulfate, or decomposition will 
occur. As soon as solution is complete, cool under the tap, then in an 
ice box. Filter the crystals on a Buchner funnel (par. 116c), and dry in 
a desiccator or in air at room temperature. 

(3) Nessler’s solution Dissolve 45.5 gm (1 mole) of mercuric iodide 
(Hgl,, N.F. grade) and 34.9. gm (2.1 moles) of potassium iodide in 500 
cc of water in a 1-liter volumetric flask. Then add 200 ce of 10 molar 


2 Wong, Journal of Biological Chemistry. 55, 431 (1923), modified by Buell and by Archi- 
bald (unpublished). 


3 Vanselow, Industrial Engineering and Chemistry, Analytical Edition, 12, 516 (1940). 
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KOH solution (2 moles), mix, dilute to 1 liter, and mix again. If any 
precipitate is present, let it settle, and decant the clear solution. 

(4) Standard solution of ammonium sulfate containing 0.1 mg of nitro- 
gen per cc. Ina 1-liter volumetric flask dissolve 0.4717 gm of reagent 
grade (NH,),SO, and make up to volume. Before diluting to volume 
with water, add 0.5 cc of concentrated sulfuric acid to improve the keep- 
ing qualities of the standard. This standard lasts indefinitely. 

c. Apparatus. (1) Pyrex test tubes, 15 by 200 mm, each marked by 
a complete etched circle at the level indicating 20 cc. 

(2) Silica chips, to prevent bumping during digestion. A rod of 
“vitreosil” of about 5 mm diameter is broken into pieces about 5 mm long. 
After repeated use these chips may become ineffective. Their antibump 
efficiency can be restored by heating them overnight in an oven at 105° C. 
or higher. The vitreosil chip used in the digestion may be replaced by 
two Pyrex beads, but they are less efficient. 

(3) Colorimeter or photometer. 

d. Procepure. (1) Digestion. (a) In one of the marked test tubes 
place a sample containing 0.05 to 0.20 mg of nitrogen. Add one of the 
silica chips and 0.30 cc of the digestion mixture. Heat the tube in a 
slanting position over a microburner which is shielded from drafts, until 
the water is driven off and the residue just begins to char. Usually 2 
to 3 minutes suffice to drive off the water and start charring of the resi- 
due. Then allow to cool for 30 seconds, and add slowly drop by drop 
0.4 cc of the 2.5 percent persulfate solution, letting the drops fall on the 
wall in the upper part of the slanting tube and run down into the diges- 
tion mixture. The mixture will begin to boil on contact with the first 
drop of persulfate solution, and will continue to boil during the addition. 
Insert a small funnel in the top of the tube to prevent escape of SO, 
fumes or volatilized ammonium sulfate, and resume heating for 1 min- 
ute, and as much longer as may be necessary to make the digest become 
entirely clear. Remove from burner for 30 seconds and add 2 drops 
more of the persulfate solution through the funnel, with the test tube 
ona slant. Then finish the digestion by heating 1 minute more. 

(b) The heating should be vigorous enough to make white fumes ap- 
pear in the lower part of the tube, but not so vigorous that more than 
traces of the fumes escape from the tube. Too vigorous or too prolonged 
heating may cause loss of ammonium sulfate by volatilization. 

(c) If no vitreosil or Pyrex chips are available to prevent bumping, 
one may digest without them by holding the test tube in a holder, and 
_ whirling the contents of the tube about its bottom during the digestion. 
A regular Bunsen burner may be used instead of a microburner, the 
bottom of the tube being shaken with a rotary motion in the tip of the 
flame. Digestion is somewhat quicker by this technic than when the tube 
is heated in a stationary position with a microburner. 
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(2) Nesslerization. After the digest has cooled, add water, at first 
through the funnel, then down the sides of the tube so that all parts of 
‘the wall are washed down. Dilute to the 20-cc mark and mix by a rotary 
motion. Add 5 cc of Nessler’s solution from a burette, and mix again. 
A clean, footed rod may be used, instead of rotation, for mixing. 

e. MEASUREMENT IN CoLorIMETER. (1) Prepare a standard solution 
by digesting and Nesslerizing 1 cc of the standard ammonium sulfate 
solution, as described above. Use of a standard thus prepared corrects 
for traces of nitrogen that may be in the reagents. The standard is Ness- 
lerized at the same time as the unknown. After allowing 5 minutes or 
longer for development of color, compare unknown and standard in the 
colorimeter. 


Calculation: 
| 
Mg N in sample =0.1 X ot 


U is the reading of the unknown, S is the standard. 

If the digested material is protein the factor 0.103 is substituted for 
0.1, because the digestion yields only 97 percent of the NaNH,. The cal- 
culation then is: 


Ss 
Mg. N in sample = 0.103 X —. 
U 


(2) If the unknown contains less than 0.05 or more than 0.20 mg of 
nitrogen, and accuracy is necessary, repeat the analysis with a sample 
of size within these limits, preferably as near 0.1 mg as possible. 

(3) Use of a color filter transmitting light of about 500 millimicrons 
wave length facilitates the reading. 

f. MEASUREMENT IN PHotomeTER. (1) The blank is prepared by 
digesting and Nesslerizing the reagents. The transmittance or optical 
density curve is prepared from standard solutions containing 0.05, 0.10, 
and 0.20 mg of nitrogen which are digested in the same manner as the 
samples. The solution follows Beer’s law if light of a sufficiently narrow 
band of wave lengths is used. Any wave length between 500 and 450 
millimicrons may be employed, but it is particularly important that ex- 
actly the same band of wave lengths be used for unknown and standard. 
There is no plateau or maximum of optical density in the curve of wave 
length versus. density in the visible spectrum; the density increases rap- 
idly in a nearly linear manner as the wave length shortens from 500 to 
450, and is about twice as great at 450 as at 500. Hence a difference 
of 5 millimicrons in wave length can make a difference of 10 percent in 
density. Especially for dilute solutions, light of wave length 450 has 
over 500 the advantage of greater absorption. Length shorter than 450 
can not be used because the optical density of the reagents becomes ap- 
preciable. 
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(2) When maximal precision is desired it is advisable to digest a 
standard solution with each series of analyses and check the slant of the 
optical density curve, or the k of the calculation formula. 

(3) The blank solution prepared from the digested reagents is used to 
set the zero of the photometer. { 

Calculation: 


Du 
Mg N in sample=0.1X a 


D, is the optical density of the unknown, Ds the density of the standard 
with 0.1 mg of nitrogen. 
If the analyzed material is protein, replace the factor 0.1 by 0.103. 


187. Nonprotein Nitrogen (NPN) of Blood or Plasma 

a. REAGENTS AND ApparATUs. Those used for precipitation of pro- 
teins with tungstic acid (par. 184) and for microkjeldahl analyses. (See 
pars. 185 and 186.) 

b. ProcepurE. Precipitate the proteins in blood or plasma as de- 
scribed in paragraph 184. Determine the nitrogen in aliquot parts of the 
filtrate as described in paragraph 185 or 186. For colorimetric nitrogen 
determination (par. 186) 3 cc of the filtrate is usually used, but in anal- 
yses of uremic blood it may be necessary to use only 1 cc. For titrimetric 
determination (par. 185) 5 cc of filtrate of either normal or uremic blood 
is used as the sample. 


c. CALCULATION. 


1,000 
Mg NPN per 100 cc blood or plasma = Mg N in sample X — 


V is the cc of blood or plasma filtrate used as the sample for the nitrogen 
determination, 1 cc of the filtrate representing 0.1 cc of blood or plasma. 


188. Total Protein, Albumin, and Globulin of Plasma‘ 
a. GENERAL. The globulins, including the fibrinogen, are precipitated 
by Na,SO, in 22 percent concentration. In the filtrate the nonprotein 


nitrogen plus albumin nitrogen is determined by microkjeldahl. The’ 


total nitrogen and NPN of the plasma are also determined, and from the 
three analyses the albumin and globulin are calculated. If the same pro- 
cedure is applied to serum, the globulin value obtained does not include 
the fibrinogen. ; 

b. Reacents. (1) The reagents for either the titrimetric or the colori- 
metric microkjeldahl method (par. 185 or 186) and for the tungstic acid 
precipitation of proteins (par. 184) are required. 

(2) Sodium chloride, 0.9 percent solution. 


4Howe, Journal of Biological Chemistry. 49, 93, and 101 (1921); Kingsley, Journal of Bio- 


logical Chemistry, 133, 631 (1940). 
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(3) Sodium sulfate, 22.5 percent solution. Dissolve 225 gm of an- 
hydrous Na,SO, in water at about 40° C. and dilute to 1 liter. The 
solution should not be allowed to cool below 24° C., as it is supersaturated 
at lower temperatures and likely to crystallize. The maximum solubility 
is at 32.5° C. If crystallization occurs place the solution at 33° to 40° 
until resolution is complete. It may be kept permanently in an incubator 
at 38°. 

(4) Ether. 

c. Torat Prasma Nitrocen. (1) Titrimetric. Dilute 1 cc of plasma 
to 10 ce with 0.9 percent NaCl solution and determine the nitrogen in 
samples of 2 cc as described in paragraph 185. 

Calculation: 
Mg total N per 100 cc plasma = Mg N in sample X 500. 

(2) Colorimetric or photometric. Dilute 1 cc of plasma to 100 ce with 
0.9 percent NaCl solution. Use samples of 1 ce for analyses as described 
in paragraph 186. 

Calculation: 
Mg total N per 100 cc plasma = Mg N in sample X 10,000. 

d, AtpumIn N Pius Nonprotein N. (1) Precipitation and removal 
of globulins. (a) Add 1 cc of plasma to exactly 15 cc of 22.5 percent 
sodium sulfate solution in a 50-cc centrifuge tube. Stopper and mix 
thoroughly by inverting. Remove the stopper and add 6 cc of ether. 
Stopper again and shake vigorously for 20 to 30 seconds. This com- 
pletes precipitation of the globulin. Cap the tube to avoid loss of ether 
and centrifuge for 8 minutes at 2,200 rpm. The precipitated globulin 
forms a middle layer between the clear albumin solution below and the 
ether above. 


(b) If the room temperature is cold, the sodium sulfate may start to 
crystallize during the centrifuging. If crystallization occurs the analysis 
can be saved by warming and recentrifuging. 


(c) If centrifuge equipment is not available for the above quick sepa- 
ration with the help of ether (Kingsley method), the mixture of plasma 
and sodium sulfate is incubated in a stoppered tube or 25-cc flask over- 
night at 38° C. to precipitate the globulins. The solution is filtered 
through a Whatman No. 50 filter paper in the incubator. If the first por- 
tion of the filtrate is not clear it is returned to the filter. The funnel is 
kept covered with a watch glass to prevent evaporation. 

(2) Determination of albumin N plus NPN in filtrate. These two 
forms of nitrogen are left in the filtrate from precipitation of the glob- 
ulins. The nitrogen in the filtrate is determined by microkjeldahl anal- 
ysis, either titrimetric or colorimetric. 

(a) Titrimetric microkjeldahl nitrogen determination. A sample of 
3 cc of the filtrate, equivalent to 3/16 cc of plasma, is used for each 
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microkjeldahl determination, carried out as described in paragraph 185. 
Calculation: : 
Mg Albumin N + NPN per 100 ce of plasma = 533 X mg N in sample. 

(b) Colorimetric microkjeldahl nitrogen determination. Five cc of 
the filtrate from the globulins is diluted to 25.cc. Of the diluted solution, 
2 cc, equivalent to 1/40 cc of plasma, is used for the colorimetric analysis 
described in paragraph 186. 

Calculation: 
Mg albumin N + NPN per 100 cc of plasma = 4,000 X mg N in sample. 

e. NonproteIn Nitrocen. Determine as described in paragraph 187. 

f. CALCULATION OF ALBUMIN AND GLOBULIN IN PLasma. Per 100 
cc of plasma, let a= mg total N, b = mg albumin N + NPN, and ¢ = 
mg NPN. Then calculate: 

Gm globulin per 100 cc plasma = 0.00625 (a — b). 
Gm albumin per 100 cc plasma = 0.00625 (b —c). 


189. Fibrinogen in Plasma® 

a. GENERAL. Ionized calcium in solution is necessary for coagulation 
of fibrin. In oxalated blood coagulation is prevented because the added 
oxalate precipitates the calcium of the blood. In the determination of 
fibrinogen the calcium of oxalated blood plasma is replaced by addition 
of excess calcium chloride, and coagulation of the fibrin begins at once. 
The nitrogen of the fibrin precipitate is determined by microkjeldahl. 

b. Reacents. (1) Sulfuric acid, approximately 2 N. Dilute 5.6 cc of 
concentrated sulfuric acid to 100 ce with water. 

(2) Sodium hydroxide, approximately 0.25 N. Dissolve 1 gm of so- 
dium hydroxide in water and dilute to 100 cc. 

(3) Sodium chloride solution, 0.9 percent. | 

(4) Calcium chloride solution, 2.5 percent. Dissolve 2.5 gm of an- 
hydrous CaCl,, 3.3 gm of CaCl,.2H,O, or 5 gm of crystalline CaCl,. 
6H,O in water and dilute to 100 cc. 

(5) Reagents for either the titrimetric or the colorimetric microkjel- 
dahl analysis (par. 185 or 186). 

c. PRocepurE. (1) Collect about 5 cc of blood in a flask or test tube 
containing 1.5 to 2.0 mg of potassium oxalate per cc of blood. Centri- 
fuge. Pipette 1 cc of the plasma into a 50-cc beaker containing 30 cc 
of 0.9 percent NaCl solution and 1 cc of 2.5 percent CaCl, solution. Mix 
the plasma with the solutions by gentle swirling, and let stand at least 
30 minutes, until a solid clot of fibrin forms. 


(2) Insert a glass rod into the beaker and twirl it gently, loosening the 
clot and winding it onto the rod. Rotate the rod gently, always in one 
direction against the wall of the beaker to obtain a compact clot. Do not 
allow the rod to touch the bottom of the beaker or the clot may be lost. 


5 Cullen and Van Slyke, Journal of Biological Chemistry: 41, 487 (1920), modified. 
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Finally withdraw the rod and clot from the solution, and roll the clot 
gently on filter paper to remove adherent solution. The nitrogen in the 
clot is determined by colorimetric or titrimetric microkjeldahl analysis 
as follows: 

d. TITRIMETRIC MICROKJELDAHL, The fibrin clot is obtained and dried 
on filter paper as described above. Then the rod with the clot is inserted 
to the bottom of a Pyrex test tube of 25 by 200 or 15 by 150 mm size. 
The clot is dislodged with a little water and the rod is withdrawn, adher- 
ent bits of clot being washed back into the bottom of the tube. The 
entire clot is then subjected to nitrogen determination as described in 
paragraph 185. 

Calculation: 
Gm fibrinogen per 100 cc plasma = 0.625 X mg N in Kjeldahl sample. 

e. CotorrMETRIC MicROKJELDAHL DETERMINATION OF Frprin. Place 
the rod with the clot in a 15- by 150-mm test tube. Add 4 cc of the 0.25 
N NaOH solution and place the tube-in boiling water for several min- 
utes until the clot dissolves. Add about 10 cc of water and transfer the 
solution to a 25 cc volumetric flask, using several washings, of about 3 cc 
of water each, to complete the transfer. Dilute to the 25-cc mark, mix, 
and take portions of 5 cc for the colorimetric microkjeldahl analysis. 
(See par. 186.) 

Calculation: 
Gm fibrinogen per 100 cc plasma = 3.125 X N in Kjeldahl sample. 


190. Total Protein of Spinal Fluid, Turbidimetric (as described by 
-Summerson, in Directions for Klett-Summerson Photoelectric 


Colorimeter, New York, 1941) 

a, GENERAL. The proteins are precipitated by sulfosalicylic acid in the 
form of a suspension. The concentration of the suspension is estimated 
from the light transmittance in a colorimeter, or, preferably, a photometer. 

b. Reacents. (1) Sulfosalicylic acid, 3 percent water solution. 

(2) Stock standard protein solution. Dilute 5 cc of normal human 
serum to 50 cc with 15 percent NaCl solution. Mix thoroughly and filter. 
Determine the total nitrogen of the diluted filtrate by microkjeldahl anal- 
ysis. (The nitrogen content of the filtrate is of the order of 1 mg per 
cc. Hence 2 cc may be used for a titrimetric microkjeldah (par. 185), or 
0.2 cc for a colorimetric (par. 186).) Calculate the mg of nitrogen in 
_ mg of N in sample * 100 


100 cc of filtrate as From the total mg N 


cc of filtrate used as sample 

per 100 cc of filtrate thus found, subtract 3 mg for the nonprotein nitro- 
gen, and multiply the difference by 6.25 to obtain the mg of protein per 
100 ce of filtrate, which will be about 700 mg. This standard keeps well 
if stored in a refrigerator, 
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(3) Dilute working standard protein solutions.’ Working standards 
are prepared by diluting the stock standard with water. A generally 
useful standard is one prepared by twentyfold dilution of the stock, so 
that the protein content is about 35 mg per 100 cc. 

c. ProcepurE. (1) Place 1 or 2 cc of the clear, colorless spinal fluid 
in a colorimeter cup or a photometer cuvette and add 4 volumes (4 or 8 
cc) of the 3 percent sulfosalicylic acid solution, Mix gently, preferably 
by inversion. The reading may be made at any time between 10 and 30 
minutes after addition of the sulfosalicylic acid. Treat 1 or 2 cc of the 
working standard in the same way at approximately the same time. 

(2) Just before the reading, gently mix both suspensions again. 

(3) If the protein content of the unknown is obviously much lower 
than that of the working standard, prepare a more dilute standard. 

(4) If the protein in the spinal fluid flocculates after addition of the 
sulfosalicylic acid, dilute another portion of the original spinal fluid to 
2 or 4 volumes, giving d = 2 or 4 in the calculation (below), and precipi- 
tate a portion of the diluted fluid. 

d, MEASUREMENT IN CoLorRIMETER. Unknown and standard are com- 
pared, preferably with a blue light filter. 

Calculation: 


5: 
Mg protein per 100 cc spinal fluid =C.,XdX evs 


C; is the mg protein per 100 cc in the working standard used, d is the 
number of volumes to which the spinal fluid was diluted before a portion 
was taken for analysis. S is the reading of the standard, U the reading 
of the unknown. 

e. MEASUREMEN1 IN PHotometerR. Light of about 450 millimicrons 
wave length is used. The zero is set with a water blank. 
Calculation: 


Mg protein per 100 cc spinal fluid =Cs dX Ta 


Cs, and d have the same significance as above, D,, is the optical density 
of the precipitated spinal fluid, D, the density of the standard. 

f. QuaLiTaTIVE TeEST FoR INCREASED SprnaL FLuip ProTeIn— 
Panpy’s Test. This is a qualitative test to reveal an abnormal increase 
in spinal fluid protein. The reagent, a saturated solution of phenol in 
water, is prepared as follows: Place a beaker containing crystalline phe- 
nol, CP, in a water bath and raise the temperature until melting occurs 
(45° to 55°.C.). Pour 100 ce of the melted phenol. into a suitable con- 
tainer and add sufficient distilled water to make 1,000 cc volume. Shake 
at intervals during several days in which it is kept in an incubator. Use 
the clear supernatant fluid. The test is performed by adding 1 large drop 
of spinal fluid to 1 cc of the reagent. The immediate formation of a 
bluish-white cloud around the drop as it is swirled gently in the reagent 
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indicates a definite increase in protein. It should not be confused with a 
faint trace. Results of the test are reported as negative, moderate 
increase, or marked increase. To insure uniformity of results it is rec- 
ommended that the phenol solution be kept in an incubator. 


191. Urea of Blood or Plasma, Titrimetric® 

a. GENERAL. The principle, reagents, and apparatus are the same de- 
scribed in paragraphs 168 and 169 for determining urea in urine. The 
determination in blood is simpler than in urine, however, because the 
ammonia content of the blood is negligible and need not be determined as 
part of the analysis. Hence, in place of the four aeration tubes for each 
analysis required with urine, only two are required for each blood anal- 
ysis, one tube for the blood and one for the boric acid. The procedure 
is convenient where many blood urea determinations are required, be- 
cause it is easy to run numbers of aerations at one time. 

b. ProcepurE. (1) A sample of 3 cc of blood is mixed with 3 ce of 
phosphate buffer solution in an aeration tube (fig. 16 in par. 168). Five 
drops of caprylic alcohol are added, and 0.5 cc of the 10 percent urease 
solution, which is at once well mixed with the blood. The stopper bear- 
ing the aeration inlet and outlet tubes is set in place, and digestion with 
the urease is continued only for the length of time found necessary. (See 
par. 168 e (5)). Unnecessarily prolonged contact between blood and 
enzyme is to be avoided, because of the possibility of slow formation of 
ammonia by action of arginase in the blood cells on canavanine that may 
be present in the urease preparation. Ten minutes usually suffices. 

(2) The aeration is carried out as in the urine analysis. Rarely a 
blood will foam despite the 5 drops of caprylic alcohol. The foaming 
may begin only after the aeration has proceeded for some time. Further 
addition of caprylic alcohol does not stop it. Two or three ce of ethyl 
alcohol are introduced by momentarily disconnecting the rubber tubing 
from the inlet of the blood tube and admitting alcohol through the inlet 
tube, while the aeration proceeds at a slow rate. 

c. CALCULATION. Mg urea N per 100 cc blood =5 (A—B). 

A is the cc of 0.01071 N sulfuric acid used in the titration of ammonia 
from the blood tube; B is the cc of 0.01071 N sulfuric acid used in titrat- 
ing the blank on the reagents. 


192. Urea of Blood or Plasma, Colorimetric’ 
a. GENERAL. The urea is hydrolyzed to ammonia by the action of 


urease, the blood proteins are precipitated, and the ammonia in the filtrate 
is pee tecuince by Nesslerizing and measuring the optical density of the 


6Van Slyke and Cullen, Journal of Biological Chemistry, 19, 211 (1914), and 24, 117 (1916), 
modified by titration of the ammonia in boric acid solution. 


7 Gentzkow and Masen, J. Biol. Chem., 243, 531 (1942). 
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solution in a colorimeter or photometer. Constituents of the blood fie 
trate other than ammonia have a negligible effect on the light transmit- : 
ance by the Nesslerized solution, if light of wave length 500 millimicrons 

is used. 

b. Reacents. (1) Sodium tungstate, 10 percent. Ten gm Na,WOQ,. 
2H.O per 100 cc. 

(2) Sulfuric acid, 0.67 normal. Dilute 67 cc of 1 N sulfuric acid to 
100 cc. 

(3) Ammonium sulfate, standard solution with 0.015 mg of nitrogen 
per cc. Of the stock solution with 0.1 mg-of nitrogen per ce (par. 186 
(4) ) dilute 15 ce to 100 ce with 0.01 N sulfuric acid. 

(4) Potassium gluconate solution, 1 percent, aqueous. Store in refrig- 
erator. Make up fresh weekly. 

(5) Potassium persulfate, 2.5 percent solution. Use the special nitro- 
gen-free persulfate described for use in colorimetric microkjeldahl anal- 
yses. (See par. 186.) 

(6) Urease solution. This contains 20 mg of Squibbs’ “double 
strength” urease per cc. 

(7) Nessler’s solution. See paragraph 186. 

c. AppARATUS. (1) Volumetric flasks of 50-cc capacity. 

(2) Test tubes calibrated to hold 20 cc and provided with paraffined 
stoppers. 

(3) If a Duboscq type colorimeter is used, a No. 75 Wratten gelatin 
filter, or other filter transmitting light chiefly of wave length 500, is 
cemented between cover slips and used in the eyepiece of the colorimeter. 
Or it is cemented between microscope slides and used over the source of 
light in the colorimeter base. Sand-blasting one surface of the slides 
improves diffusion. If the usual light comes through a blue “daylight” 
filter, remove this filter. The comparison of the Nessler color of the 
standard with that of the blood filtrate is rendered inaccurate by un- 
identified constituents of the filtrate unless the light has a wave length of 
500 millimicrons. 

d. Procepure. (1) Digestion and filtration. (a) Pipette 5 cc of 
whole oxalated blood into a 50-cc volumetric flask. Add enough water 
to fill the flask half full, then 1 cc of the urease solution. Mix by whirl- 
ing and let stand at room temperature long enough for the enzyme to 
act (par. e below for time required) but no longer, as unnecessarily long 
digestion may lead to formation of slight amounts of urea from the action 
of cellular arginase on canavanine in the urease preparation. When 
digestion is complete add 5 cc of the tungstate solution, mix, add 5 cc 
of the 0.67 N sulfuric acid, and water nearly to the 50-cc mark. Mix 
thoroughly and let stand 10 minutes. Fill to the mark and mix. (See 
b below.) Filter through a good grade of qualitative filter paper. What- 
man No. 2 is satisfactory. Do not use acid washed filter papers, as they 
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give appreciable ammonia blanks. After filtration has proceeded about 
10 minutes pour the filtrate back onto the paper. The first portion of the 
filtrate gives too high values for urea N and NPN. 

(b) If the blood urea nitrogen is over 100 mg per 100 cc the 5 ce of 
0.67 N sulfuric acid will not suffice to make the precipitation of the 
proteins complete, because about 0.5 cc of the acid is neutralized by the 
ammonia formed from blood urea in the concentration of 100 mg of nitro- 
gen per 100 cc. With such a blood, the supernatant solution over the 
precipitate will be cloudy. Add another 0.5 or 1.0 cc of the 0.67 N 
H,SO, and mix before the mixture is made up to 50 cc and filtered. 

(2) Nesslerization. (a) Place 5 cc of the filtrate in a test tube gradu- 
ated at 20 cc. Ina similar tube place 5 cc of the standard solution, con- 
taining a total of 0.075 mg of ammonia NV. To each tube add water to 
the 20-cc mark, and mix. 

(b) Prepare a Nesslerizing solution by mixing 5 cc of gluconate solu- 
tion, 5 cc of the persulfate solution, and 10 cc of Nessler’s solution. The 
mixture must be used within the next 15 minutes. The persulfate and 
gluconate prevent development of turbidity when the Nessler’s solution 
is added to the blood filtrate; without these reagents some reducing ma- 
terial in the filtrate might reduce mercury in the Nessler’s solution and 
cause turbidity. 

(c) To the standard and to the unknown add 5-ce portions of the 
Nesslerizing solution, measured accurately with a transfer pipette or a 
burette. Insert paraffined stoppers into the tubes and mix the solutions 
by repeated inversion. Allow to stand 15 minutes for the color to de- 
velop. Within the next hour compare the standard and the unknowns. 

(3) Colorimetric measurement. With the No. 75 Wratten filter in 
place on the colorimeter, the comparison of the unknown and the standard 
is made in the usual manner. 

When 5 cc of blood filtrate is Nesslerized the calculation is: 


5: 
Mg urea N per 100 cc blood = 15 KX —. 
U 


S is the reading of the standard, U that of the unknown. 

If the ratio, S:U, is greater than 2 (blood urea N over 30 mg per 
100 cc) repeat the Nesslerization of the filtrate, using, instead of 5 cc 
of filtrate, 3,2, or 1 cc. The calculation then becomes: 


75 os 
Mg urea N per 100 cc blood = — XK —. 
V U 
V is the ce of filtrate used. 


(4) Photometric measurement. (a) A portion of filtrate is Nessler- 
ized as described above, and the ammonia content is determined with 
light of wave length 500 millimicrons. Gentzkow and Masen found that 
the nonurea constituents of the blood filtrate affect the results if wave 
lengths above or below 500 are employed. 
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(b) The standard is prepared in the same way as for colorimetric 
measurement. 

(c) A blank solution is prepared with all the reagents, but with water 
in place of the 5 ce of blood. 
When 5 cc of blood filtrate is Nesslerized, the calculation is: 


Du 
Mg urea N per 100 cc blood = 15 K —. 


Ds 
D, is the optical density of the unknown, Ds the density of the standard. 


If a volume, l’ cc, of filtrate is used, the calculation is: 
irae: OF 


Mg urea N per 100 cc blood = — ae : 
V s 


e. DETERMINING TIME REQUIRED FOR DIGESTION BY UREASE. (1) 
Prepare a solution of urea containing 300 mg per 100 cc. Of a blood of 
previously determined urea content, pipette portions of 5 cc into each of 
four 50-cc volumetric flasks. To each flask add also 5 cc of the 0.3 per- 
cent urea solution. Then proceed with determination of the urea as above 
outlined, except that the duration of the digestion is varied. After the 
enzyme has acted for intervals of 10, 20, 30, and 40 minutes in the 
four respective flasks, its action is stopped by addition of tungstate and 
sulfuric acid. In order to neutralize the ammonia formed by the large 
amount of urea, add 5.5 cc of the 0.67 N sulfuric acid instead of the 
usual 5 cc. The ammonia formed is measured in the filtrates as described 
for blood analyses. The interval is thus ascertained that is necessary, at 
the temperature employed, to liberate the maximal amount of ammonia. 
The amount of urea added should raise the determined urea nitrogen con- 
tent of the blood by 140 mg per 100 cc. 

(2) If the urease is later used at temperatures other than that at which 
the digestion time was determined, it may be necessary to make allow- 
ances for the effect of the temperature on the speed of enzyme action. 
A fall of 5° makes the enzyme take 1.4 times as long; a fall of 10° ap- 
proximately doubles the time required. 

(3) It is essential to test the activity of the urease as described above 
before beginning to use it. A preparation that has full activity when pre- 
pared may deteriorate during transportation or storage, especially if per- 
mitted to absorb moisture. Keep the urease powder in a tightly stoppered 
bottle ; if the atmosphere is humid it is well after the bottle has once been 
opened, to keep it in a desiccator. 

(4) Urease of good activity will complete digestion under the above 
conditions in 20 minutes at 20°. If the enzyme takes twice as long, how- 
ever, the time can be reduced to 20 minutes by using twice as much 
urease. 

(5) Use only Squibb’s “double strength’ powdered urease. Other 
preparations may contain substances that interfere with the colorimetric 
analysis. 
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193. Urea Clearance 

a, Direct COLORIMETRIC COMPARISON OF BLoop AND URINE’. (1) 
General. (a) The blood urea clearance is the volume of blood cleared 
of urea per minute by renal excretion. A normal man with abundant 
flow of urine excretes per minute on the average the amount of urea in 
75 cc of his blood, and his clearance is said to be 75. When the kidneys 
suffer decrease of excretory ability the urea clearance decreases propor- 
tionally. When the clearance falls permanently to the neighborhood of 
4 cc per minute, or 5 percent of normal, death in uremia is likely to occur 
regardless of the nature of the renal changes that cause the decrease. 
Temporary fall in the clearance, without renal pathological condition, 
may occur when shock or other transitory condition decreases the volume 
of blood flowing through the kidneys. 

(b) When the clearance is 75, if the urine excreted in a minute is 
diluted to 75 cc, the concentration of urea in the diluted urine will be the 
same as the concentration of urea in the blood. The ratio, (urea con- 
centration in diluted urine) : (urea concentration in blood), will then be 
1, and the percentage of average normal clearance will be 100. Measure- 
ment of the urea clearance can thus be made by diluting the urine passed 
in one minute to 75 cc, and measuring the ratio, (urea concentration in 
diluted urine) : (urea concentration in blood). This ratio times 100 gives 
the percentage of normal kidney function in terms of the urea clearance. 

(c) The ratio can be directly observed in a Duboscq colorimeter as the 
ratio, B:U, B being the reading of the cup with the Nesslerized blood fil- 
trate and U the reading of the cup with the Nesslerized, diluted urine, 
both fluids being treated with urease, as in colorimetric urea determina- 
tion. If the comparison is made in a photometer, the ratio used is 
D:D», in which D, and Dy, are the optical densities of the Nesslerized 
solutions prepared from diluted urine and from blood filtrate, respec- 
tively. In the colorimeter the ratio of the readings varies inversely as the 
ratio of the urea concentrations, while in the photometer the optical densi- 
ties vary directly as the concentrations; hence the ratio of readings used 
is B:U for the colorimeter, but D,:D, for the photometer. Since the urea 
concentrations in urine and blood are compared directly, the actual con- 
centrations do not need to be determined, and no standard solutions are 
necessary. 

(d) In table XVI are given the dilution factors which express the 
number of times that urine excreted at different rates must be diluted to 
make its urea concentration equal to that of the blood when the clearance 
is 100 percent of mean normal. When the rate of urine excretion in an 
adult exceeds 1.93 cc per minute the dilution factor is calculated as 75/V, 


8Van Slyke and Cope, Proceedings of the Society of Experimental Biology and Medicine. 
129, 1169 (1932) modified by use of the Nesslerizing technic of Gentzkow and Masen. (See 
par. 169.) 
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V being the urine volume in cc excreted per minute. When JV is less 
than 1.93 (an average value) the normal clearance decreases as the square 
root of V. Correction for this retarding effect of low urine volumes is 
75 PoP Se 
made by calculating the dilution factor as — es 
as 193. V 


is less than 1.93. A child has a smaller oe than an adult, the 
clearance decreasing as a function of the child’s height. Hence when 
the clearance of a child is determined a correction is made by multiplying 
the observed V by a correction factor from the last column of the table, 
and estimating the number of times to dilute the urine from the cor- 
rected V. 

(2) Reagents. (a) Those for colorimetric determination of blood urea. 
(See pars. 168, 169, and 191.) 

(b) Acetate buffer. Dissolve 15 gm of crystalline sodium acetate 
(NaC,H,O,.3H,O) in distilled water in a 100-cc volumetric flask, add 
1 cc of glacial acetic acid, and dilute to 100 cc with water. 

(c) Permutit powder for absorbing ammonia from solutions. 

(3). Apparatus. (a) Measuring cylinders (50, 100, and 250 cc). 

(b) Volumetric flasks (50 cc). 

(c) Duboscq colorimeter or a photometer, 

(4) Procedure. (a) Handling patient. 


1. No preliminary preparation of the patient is necessary, except 
that vigorous exercise should be avoided immediately before 
the test. Separate collections are made of the urine secreted 
into the bladder during two successive collection periods, 
which are each conveniently, but not necessarily, about 1 
hour. The two urine specimens are collected in order to 
obtain duplicate values for the clearance. The chief sources 
of error are inaccurate timing of the collection periods, and 
incomplete voiding of the bladder, rather than errors in the 
analytical parts of the clearance procedure. Hence it is de- 
sirable to have results from two separate collection periods, 
to serve as checks on each other. 


—, when V 


2. At the beginning of the 2-hour double period, and again at the 
end of the first hour, the subject is given a glass of water. 
The subject urinates at the beginning of the test, and the 
time to the nearest minute is registered at the moment he 
finishes voiding. At the end of about 1 hour the patient 
voids again, and the time, accurate to 1 minute, is recorded 
when he completes this voiding. The time between these two 
voidings constitutes the first excretion period. 


3. After the second voiding the subject receives a second glass of 
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water, and a little over 5 cc of blood is drawn and oxalated 
for analysis. 

4, About 1 hour later the subject voids a third time. The exact 
time at the end of this voiding is recorded. The interval 
between the second and third voidings constitutes the second 
excretion period. 

5. Use of excretion periods of 1 hour is not essential. It is essen- 
tial only that the time of each period be accurately meas- 
ured so that the urine output per minute can be calculated. 
Excretion periods of several hours can be used if circum- 
stances render it desirable. With infants a collection bottle 
is attached over the urinary outlet, and the flow is collected 
over whatever is the voluntary excretion period. 

6. The volume of urine collected during each period is carefully 
measured in a cylinder. If the volume is less than 50 cc, 
measure it in a 50-cc cylinder, if between 50 and 100 cc use 
a 100-cc cylinder, etc., employing a cylinder only large 
enough for the measurement. If the volume for 1 hour’s 
period is below 25 cc, discard this specimen, since collec- 
tions are not reliable if the urine flow is too slow. 

(b) Treatment of blood. A 5-cc sample of blood is treated with urease, 
precipitated, and Nesslerized, exactly as described for the colorimetric 
determination of blood urea. (See par. 192.) 

(c) Treatment of urine. 

1. Of the urine collected in each period, about 10 cc is placed in 
a 50-cc Erlenmeyer flask, 2 gm of permutit powder is added, 
and the mixture is rotated for 5 minutes to permit the per- 
mutit to absorb the ammonia. 

2. If the patient is an adult, 1 cc of the permutit-treated urine 
from each of the two periods is diluted in a measuring cylin- 
der as indicated by table XVI, the degree of dilution depend- 
ing on the volume of urine voided per minute. 

3. If the patient is a child, a correction is made for body size by 
multiplying the observed cc of urine per minute by a factor, 
in the last column of the table, depending on the height of 
the child. The product is the corrected urine flow per min- 
ute. The corrected figure is used to estimate the number of 
times the permutit-treated urine is to be diluted. For ex- 
ample, if the patient is a child 140 cm tall, the correction 
factor in the last column is 1.49. If the observed urine flow 
is 1.70, the corrected flow is 1.70 * 1.49 = 2.53 cc per min- 
ute, and 1 cc of the permutit-treated urine is diluted to 


29.5 cc. 
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Table XVI. Number of times to dilute urine for urea clearance 


Correction factors for 


Number of times to dilute urine of adults children inden 45 


V Volume | Number V Volume | Number V Volume | Number Factor to 
of urine of times of urine of times of urine of times Height multiply V 
per to dilute per to dilute per to dilute to obtain 
minute* urine minute* urine minute* corrected V 

cc cc ce cmt 
0.50 76 1.25 48.3 3.50 175 1.01 
0.52 15 1.30 47.4 3.60 170 1.06 
0.54 73 1.35 46.5 3.70 165 1.10 
0.56 72 1.40 45.6 3.80 160 a7. 
0.58 ffl 1.45 44.8 3.90 155 1:25 
0.60 70 1.50 44.1 4.00 150 1.33 
0.62 69 1°55 43.4 4.10 145 1.41 
0.64 68 1.60 42.7 4.20 140 1.49 
0.66 67 1.65 42.1 4.30 135 1.59 
0.68 66 1.70 41.4 4.40 130 1.69 
0.70 65 1.75 40.8 4.50 125 1.80 
0.72 64 1.80 40.3 4.60 120 1.92 
0.74 63 1.85 39.7 4.70 115 2.04 
0.76 62 1.90 39.2 4.80 110 2.19 
0.78 61 1.95 38.5 4.90 105 2.34 
0.80 60 2.00 3h 5.00 100 2.50 
0.82 60 2.10 3557 5.20 98 2.56 
0.84 59 2.20 34.1 5.40 96 2.62 
0.86 58 2.30 32.6 5.60 94 2.68 
0.88 58 2.40 See 5.80 92 2.74 
0.90 auf 2.50 30.0 6.00 90 2.81 
0.92 56 2.60 28.8 6.20 88 2.90 
0.94 - $6 2.70 27.8 6.40 86 2.99 
0.96 55 2.80 26.8 6.60 84 3.09 
0.98 315) 2.90 25.8 6.80 82 3.20 
1.00 54 3.00 25.0 7.00 80 SH 

1.05 53 3.10 24.2 7.20 78 3.42 
1.10 $1 3.20 23.4 7.40 76 3.56 
1.15 50 3.30 D2 7.60 74 3.70 
1.20 49.3 3.40 22.0 7.80 72 3.86 


*For a child use corrected V. To obtain this, multiply observed V by the correction factor (last 
column) that corresponds to the height. 


+tCm =inches X2.54.__- 


4. After proper dilution of samples of the two urines, place 5 cc 
of each diluted specimen in a 50-cc volumetric flask. Fill 
the flask about half full with water, and add 1 cc of the 
acetate buffer and 1 cc of the 2 percent urease solution. Mix 
the liquids, and let the mixture stand long enough for the 
urease to complete its action. (See par. 192.) Then add 
2.5 cc of 10 percent of sodium tungstate, 2.5 cc of the 0.67 N 
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sulfuric acid, or 3.0 cc if the blood urea is over 100 mg, 
dilute to 50 ce, and filter, as described for the colorimetric 
determination of urea in blood. (See par. 192.) Of the 
filtrate, 5 cc is Nesslerized, with dilution to 25 cc, as de- 
scribed for the colorimetric determination of blood urea. 
(See par. 192.) 

(d) Colorimetric comparison of blood and urine filtrates. 

1. The Nesslerized blood filtrate is placed in the left-hand cup 
of the colorimeter, and is compared in succession with the 
Nesslerized filtrates of the two urine specimens, which are 
placed successively in the right cup. The comparison is 
preferably made with a No. 75 Wratten filter in the eyepiece. 

2. If the ratio of the reading in the blood cup to the reading in 
the urine cup is over 0.50 (clearance over 50 percent of aver- 
age normal), the two solutions are close enough to make 
the reading accurate, and it is accepted. If, however, the 
ratio is below 0.50, another portion of blood filtrate (3, 2, 
or 1 cc) is Nesslerized and is compared with the urine fil- 
trates. 


Calculation: When 5 cc of blood filtrate is used the calculation is: 
100 B 


Urea clearance (percentage of average normal) ——. 
B is the reading of the colorimeter cup with the blood filtrate, and U is 
the reading of the cup with the urine filtrate. 
When less than 5 cc of blood filtrate is used the calculation is: 


Urea clearance (percentage of average normal) 20 F KX —. 
U 


F is the number of cc of blood filtrate taken for Nesslerization. 


(e) Photometric comparison of blood and urine filtrates. The optical 
densities of the blood and urine filtrates may be measured in a pho- 
tometer, with wave length 500 millimicrons. The calculation then is: 


urine 


Urea clearance (percentage of average normal) =20F X 
blood 


F as above, is the cc of blood filtrate taken for Nesslerization ; Durine is 
the optical density of the urine filtrate, and Dyptooa the optical density of 
the blood filtrate, Nesslerized. 

b. ALTERNATIVE CALCULATION OF UREA CLEARANCE FROM SEPARATE 
ANALYSES OF BLoop AND URINE. From the volume flow of urine per 
minute and the urea concentrations of blood and urine, determined by 
either the colorimetric or the aeration-titration method, the clearances can 
be calculated : 

(1) Indicating by V the cc of urine excreted per minute, when V is 
over 1.93 the calculation is: 
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mg urea N per 100 cc urine 
mg urea N per 100 cc blood 


Urea clearance (percent of average normal) =1.33V * 


(2) When V is under 1.93 the calculation is: 


N 100 
Urea clearance ( sh of average normal) = 1.85 VV X i Seth 4: cee 


mg urea N per 100 cc blood 
Example: V = 1.44 cc per minute; urine urea nitrogen = 765 mg per 


100 cc; ce urea N = 14.6 mg per 100 cc. 
7 


65 
(3) Clearance == 1,85 « 1.20 oF ——= 116 percent of average nor- 
4.6 


mal, 1.20 being the square root of 1 Aa 


194. Uric Acid in Plasma or Serum? 

a. GENERAL. The ability of uric acid to reduce the hexavalent tung- 
sten of phosphotungstic acid to lower valence, with formation of a blue 
color, first utilized by Folin, is employed in this method. The present 
application of the reaction has the advantages that the reagents are easily 
prepared, stable, and nonpoisonous, and that the reaction occurs at room 
temperature. Clouding, which has been a threat in phosphotungstic acid 
reduction methods for uric acid, is prevented by a mixture of glycerol, 
sodium silicate, and polyanethol sulfonate (Liquoid La Roche). The 
reduction belongs to the class of incompletely defined oxidation-reduction 
reactions (sec. VI, ch. 3), and accuracy depends on precise observance of 
empirically fixed conditions. 

b. Reacents. (1) Stock standard solution of uric acid, 1 mg per cc. 
Exactly 1 gm of uric acid is placed in a 250-cc Erlenmeyer flask. Ap- 
proximately 0.5 gm of lithium carbonate is dissolved in 150 cc of hot 
water, the hot solution is added to the uric acid, and the mixture is stirred 
until all the uric acid is dissolved. Transfer the solution to a liter vol- 
umetric flask, and follow it with two portions of 150 cc of water each, 
which are used to rinse the Erlenmeyer flask. Add 25 cc of 40 percent 
formaldehyde and mix. Add 3 cc of glacial acetic acid, mix, and shake 
to remove CO,. When the evolution of CO, from the lithium carbonate 
has stopped make up to 1 liter and mix. Store in a brown bottle in a 
dark place. The solution should be renewed once a year. 

(2) Dilute working standard of uric acid, 0.005 mg per cc. Dilute 1 
cc of the above stock standard to 200 ce with water. The working stand- 
ard solution is made fresh on the day it is to be used. 

(3) Polyanethol sodium sulfonate (liquoid La Roche).?° Dissolve 
1 gm in 50 cc of water. Store in an ice box. 


(4) Glycerol-silicate reagent. Dissolve 10 gm of Merck’s crystalline 
sodium silicate “soluble” in 100 cc of hot water, mix with 20 cc of glyc- 


® Kern and Stransky, Biochem. Z., 190, 419 (1937), modified by Archibald. 
10 Liquoid la Roche can be obtained on Army order from Dr. H. M, Wuest,. Director of 
Research, Hoffman la Roche, Inc., Nutley, New Jersey. 
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erol, and cool. If the solution is even slightly cloudy filter through hard- 
ened filter paper. 

(5) Phosphotungstic acid solution. To 50 gm of A.C.S. grade sodium 
tungstate (Na,WO,.2H,O), add 400 ce of water and 40 cc of concen- 
trated (85 percent) phosphoric acid. Boil under a reflux condenser 
gently for 2 hours. Make up to 500 cc and store in a brown bottle. 
(Commercial phosphotungstic acid should not be substituted for this solu- 
tion.) 

(6) Sodium hydroxide solution, 0.5 N. 

c. ProcepurE. (1) Precipitation of proteins. Pipette 2 cc of plasma 
or serum into a 50-cc Erlenmeyer flask and add 16 cc of water and 1 cc 
of the 0.5 normal NaOH. Then add 1 cc of the phosphotungstic acid 
solution, making the total volume 20 cc. The first half of the phospho- 
tungstic acid may be added rapidly, but the last half should be added 
slowly, drop by drop, with constant whirling of the solution. Precipita- 
tion of the proteins is completed by the last drops of the phosphotungstic 
acid. The mixture is let stand 5 or more minutes, and is then filtered 
through a dry paper of 8 or 9 cm diameter. (Half the amounts of plasma 
and reagents can be used if desirable.) 

(2) Development of color in plasma filtrate. Transfer 10 cc of the 
filtrate to a 25-cc flask or test tube. Add 5 cc of the glycerosilicate re- 
agent, mix; then add 1 cc of the polyanethol sulfonate solution and mix 
again. Finally add 1 cc of the phosphotungstic acid solution, making a 
total volume of 17 cc, and mix. Allow to stand 15 minutes for the color 
to develop. The color then remains practically constant for 42 hour or 
more, then begins to fade. 

(3) Standard. Treat 10 cc of the dilute working standard the same 
way at the same time as the plasma filtrate. 

(4) Photometric blank (not required for Duboscq colorimeter). Treat 
10 ce of water in the same way as the plasma filtrate. 

(5) Colorimetric measurement. The unknown and standard are com- 
pared. 

Calculation: 


S 
Mg uric acid per 100 cc ta ieee 


S is the reading of the standard, U is the unknown. 

(6) Photometric measurement. Light of wave length 700 milli- 
crons is used. The zero point of optical density is set with the pho- 
tometric blank. Readings are taken on the plasma filtrate and on the 
standard. 

Calculation: 

Da 
De: 
D, is the density of the unknown, D, of the standard. 


Mg uric acid per 100 cc plasma = 5 X 
ay 
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195. Creatinine in Plasma or Whole Blood"! 

a. GENERAL. Creatinine reacts with alkaline picrate to form an in- 
tense red color, the Jaffe reaction. The color reaction is not specific for 
creatinine; it is given by other substances in blood. However, the chro- 
mogenic material measured in normal plasma by this reaction is, accord- 
ing to the best evidence, 90 to 95 percent creatinine. A large part of the 
chromogenic material in the cells is not creatinine. Consequently the 
analysis is preferably made on plasma. The alkaline picrate itself has 
color, which decreased the accuracy of the creatinine readings in the 
original Folin-Wu method. In Phillips’ modification, to diminish this 
error, 1/5 as much picrate is used, and the color is given 50 instead of 
10 minutes to develop. 

b. REAGENTS. (1) Ten percent sodium tungstate and N/12 sulfuric 
acid, described in paragraph 184. \ 

(2) One percent picric acid solution. “Reagent” grade picric acid is 
used. It usually contains 10 to 20 percent of moisture. Twelve gm are 
made up to 1 liter and the picric acid concentration is checked by titrat- 
ing a 20-ce portion with 0.1 N NaOH, using phenolphthalein indicator. 
Of the 0.1 N NaOH 8.72 cc should be required. Adjust the concentra- 
tion of the picric acid until the titration is 8.72 + 0.1 cc. (See par. 129.) 

(3) Dilute alkaline picrate solution. Twenty cc of the 1 percent picric 
acid and 10 cc of 10 percent NaOH solution are mixed and diluted with 
water to 100 cc. Since the solution deepens in color for some hours or 
days it is desirable, though not necessary, to prepare it one or more days 
before using in order to make its color effect constant during a series 
of analyses. The solution is usable for about 1 month. 

(4) Stock standard of creatinine solution, 0.1 percent. One gm of 
creatinine, or 1.602 gm of creatinine zinc chloride, is dissolved and made 
up to 1 liter of 0.1 N HCl. 

(5) Dilute standard creatinine solution. Measure 6.0 cc of the stock 
0.1 percent creatinine solution into a 1-liter volumetric flask, add 10 cc 
of 0.1 N HCl, and dilute to the mark with water. One cc contains 0.006 
mg of creatinine. 

c. PROCEDURE FOR COLORIMETRIC MEASUREMENT. (1) Prepare a 1:10 
tungstic acid filtrate of blood, or, preferably, plasma as described in para- 
graph 184. Place 10 cc of the filtrate in a small flask or a test tube. In 
four other tubes or flasks place 5, 10, 15, and 20 cc of the dilute standard 
creatinine solution, adding enough water from a burette to each of the 
first three to make the volume up to 20 cc. To the 10 cc of tungstic acid 
filtrate add 5 cc of the alkaline picrate solution, and to each 20-cec stand- 
ard solution add 10 cc of the alkaline picrate solution. The blood filtrate 
is thus diluted to 15 cc, and each standard solution is diluted to 30 cc. 


11 Folin-Wu, Journal of Biological Chemistry, 38, 81 (1919), modified by Phillips. 


196 


The additions are all made as nearly as possible at the same time. The 
solutions are allowed to stand 50 minutes for the Jaffe color to develop. 

(2) The filtrate is matched against the standard to which it is nearest 
in color. It is desirable to use a light filter with maximal transmission 
at about 520 millimicrons. Such a filter minimizes the interference by 
the color of the picrate; without a filter the standard and unknown must 
be nearly alike, in order to prevent appreciable error from the color of 
the picrate. 

(3) Calculation: 


es CS: 
Mg creatinine per 100 cc plasma or blood = 


S and U are the readings of the standard and unknown; C is the cc of 
dilute standard creatinine solution measured into the final standard solu- 
tion against which the plasma filtrate is matched. 

d. PROCEDURE FOR PHoToMETRIC MEASUREMENT. (1) The analysis 
with a photometer is both more accurate and more convenient than with 
a colorimeter. In the photometric analysis use of a blank with the same 
concentration of picrate as that in the unknown entirely prevents error 
from the picrate. The colors in both the filtrate and the standards are 
developed as described above. The blank reading for zero optical density 
is taken with a mixture of 1 volume of alkaline picrate solution and 
2 volumes of water. A wave length of 520 millimicrons is used. Tem- 
perature changes affect markedly the optical density of the Jaffe reaction 
product, about 2 percent for each degree C. Hence the standard curve 
must be made, or the k constant of the calculation formula determined, 
at the same temperature as the analysis. The blank reading on the alka- 
line picrate must also be taken at the same temperature. 

(2) The optical density curve is linear: hence it may be plotted, or 
the k value of the calculation formula (pars. 147 and 153) determined 
from a single standard. A “final” standard solution equivalent to 6 mg 
of creatinine per 100 cc of plasma, prepared with 20 cc of the dilute 
standard creatinine solution as described for the colorimetric procedure, 
may be used. 

(3) Calculation. If maximal accuracy is desired, a standard as de- 
scribed in (2) above is prepared with each series of analysis, and its 


optical density used as the basis of calculation: 


Du 
Mg creatinine per 100 cc of blood or plasma = 6X 3 


6 
D, is the optical density of the unknown, D, the density of the standard 
equivalent to 6 mg percent blood creatinine. This procedure automatic- 
ally corrects for temperature, and for any variation in the setting of the 
wave length, which as in readings of Nesslerized solutions (par. 186), is 
important. : 


Ab 


? 
(4) For approximate routine analyses one may determine k as 6/D, 
and use it for subsequent analyses. Then: 
Mg creatinine per 100 cc blood or plasma = k Du. 


196. Sugar of Blood, Plasma, or Spinal Fluid’” 


a, GENERAL. The sugar when heated with alkaline cupric tartrate 
solution reduces the divalent copper to cuprous oxide (Cu,O). The 
cuprous oxide precipitate is made to react with a phosphomolybdate solu- 
tion, in which it reduces the hexavalent molybdenum to a form of lower 
valence, which forms an intense blue color. Under specified conditions 
the amounts of Cu,O and of colored molybdate complex are proportional 
to the amount of sugar. However, the reductions of both Cu** and 
Mo**** belong to the class of incompletely defined oxidation-reduction 
reactions, discussed in section VI, chapter 3, and consistent results de- 
pend on exact adherence to empirically set conditions. Blood filtrates 
contain reducing substances other than glucose which reduce cupric tar- 
trate; of the 100 mg of “sugar’’ per 100 ce of blood determined by this 
method in average normal blood, about 20 mg is nonglucose reducing 
substances. 

b. Reacents. (1) Stock glucose solution, 1 percent. One gm of crys- 
talline anhydrous dextrose and 0.25 gm of benzoic acid are dissolved in 
water and diluted to 100 cc. The benzoic acid prevents decomposition 
of the sugar. 

(2) Working standard solutions of glucose, 0.1 and 0.2 mg per cc. The 
solution with 0.1 mg per cc is prepared from the stock solution by dilut- 
ing 5 cc of the latter to 500 ce with 0.25 percent benzoic acid solution. 
The working standard with 0.2 mg per cc is prepared by diluting 5 cc 
of the stock to 250 cc with 0.25 percent benzoic acid solution. 

(3) Alkaline copper tartrate solution, colorimetric. Dissolve 40 gm 
of pure anhydrous Na,CO, in about 400 ce of distilled water in a liter 
volumetric flask. Add 7.5 gm of tartaric acid, stir until dissolved, then 
add 4.5 gm of CuSO,.5H,O. Stir until dissolved, dilute to 1 liter, and 
mix by inversion. 

(4) Alkaline copper tartrate solution, photometric. To 200 cc of the 
“colorimetric” alkaline tartrate solution add 100 cc of water, and mix. 

(5) Phosphomolybdate solution. Place 35 gm of molybdic acid anhy- 
dride (MoO ;, commonly sold as “molybdic acid”) and 5 gm of sodium 
tungstate (Na,WO,.2H,O) in a liter beaker. .Add 200 ce of 10 percent 
sodium hydroxide solution and 200 cc of distilled water. Boil vigorously 
for 30 minutes. Cool, wash into 500-cc volumetric flask, using enough 
water to bring the volume of solution to about 350 cc. Then add 125 ce 
of concentrated (85 percent) phosphoric acid, mix, add water to the 500- 
cc mark, and mix again. 


22 Folin and Wu, Journal Biological Chemistry, 38, 106 (1919). 
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c. PROCEDURE FOR CoLortmeTRic Measurement. (1) Reduction of 
divalent copper by sugar. (a) Place 2 cc of tungstic acid 1:10 blood, 
plasma, or spinal filtrate (par. 184) in a special Folin-Wu blood-sugar 
test tube. (If spinal fluid is analyzed, use only half as much sodium tung- 
state and sulfuric acid in precipitating the proteins as are used for blood 
or plasma. This tube has a bulb of slightly less than 4 ce capacity at the 
bottom, and above the bulb a constricted tube of 8-mm diameter and 
40-mm length ; above this the tube expands to about 20-mm diameter and 
is marked to contain 25 cc. 

(b) In two other Yolin-Wu tubes place 2 cc of each of the two work-. 
ing standard solutions. 

(c) To each of the three tubes add 2 cc of the “colorimetric” alkaline 
copper tartrate solution. The surface of each solution should now lie 
within the 8-mm tube above the bulb. The purpose of this constricted 
tube is to make the surface of contact between the solution and the air 
small, so that the proportion of reduced Cu* that becomes reoxidized by 
atmospheric air to Cu** is kept negligibly small. If the size of the bulb 
is such that the surface of the 4 cc of solution does not lie in the 8-mm 
tube, discard the tube. 

(d) Immerse the solution-filled parts of the tubes in actively boil- 
ing water for exactly 6 minutes. Then transfer the tubes at once to water 
at room temperature, and let them cool there for about 3 minutes. Do 
not shake the tubes either while heating or while cooling, or measurable 
amounts of the reduced copper may be reoxidized by the air. 

(2) Reduction of molybdate by cuprous oxide. Add to each tube 2 cc 
of the phosphomolybdate solution. The cuprous oxide dissolves within 
2 or 3 minutes. While waiting for solution of the Cu,O to become com- 
plete, mix in another vessel 1 volume of the phosphomolybdate solution 
with 4 volumes of water. Add enough of this diluted phosphomolybdate 
to each Folin-Wu tube to bring the volume to the 25-cc mark. Stopper 
and mix thoroughly by inverting several times. 

(3) Colorimetric measurement. Compare the blood filtrate with which- 
ever of the two standards most nearly matches the filtrate. 

Calculation: When the standard with 0.1 mg of glucose per cc is used 
the calculation is: 


S 
Mg sugar per 100 cc blood = enn 
When the standard with 0.2 mg of glucose per cc is used, calculate: 
e 
Mg sugar per 100 cc blood = 200 ae 


S is the reading of the standard, U of the unknown. 

d, PROCEDURE FOR PHOTOMETRIC MEASUREMENT. (1) Reduction of 
cupric copper by sugar. This step in the procedure is the same as for 
colorimetric measurement, except that, instead of 2 cc of blood filtrate 
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and 2 cc of “colorimetric” alkaline copper tartrate solution, 1 ce of blood 
filtrate and 3 cc of “photometric” alkaline tartrate solution are measured 
into the Folin-Wu tube. The smaller amount of filtrate is taken because 
otherwise a high blood sugar would give too intense a color for accurate 
reading in the photometer. 

(2) Reduction of molybdate by cuprous oxide. This step is the same 
as in the colorimetric procedure. 

(3) Photometric measurement. The standard is prepared from 1 cc 
of the working standard with 0.2 mg of sugar per cc. The blank is pre- 
pared in the same way as the unknown, but with 1 cc of water in place 
of the 1 cc of blood filtrate. Light of 520 millimicrons wave length is 
used. 

Calculation: 


D 
Mg sugar per 100 cc blood =200X — 


D, is the optical density of the unknown, Dy of the standard. (See par. 
153 a (2).) 


197. Glucose Tolerance Test 
Following the ingestion of a definite amount of glucose, blood sugar is 
determined at intervals. Urine specimens, taken at the same time as the 
blood specimens, are tested for glucose and, if positive, the amount of 
sugar in the urine is determined. 

a. REAGENTS. Those for blood sugar and urine sugar determination 
and, in addition, glucose. The dosage used at present is 100 gm regard- 
less of body weight, except in children and in persons differing markedly 
from normal in stature and general muscular build. It is given in 50 
percent solution to the fasting patient. Lemon juice makes the sugar 
solution more palatable. 

b. ProcepurE. Obtain blood and urine specimens on the fasting pa- 
tient. Give the glucose solution and note the time. One-half hour, 1 
hour, 2 hours, and 3 hours after the ingestion of the glucose, take blood 
and urine specimens. Determine the blood sugar in each specimen and 
test all urines for glucose. Determine the urinary glucose in any positive 
specimens. 

c. Resutt. Record the blood and urine glucose for the fasting %-, 
1-, 2-, and 3-hour specimens, and also the amount of glucose given. 


198. Cholesterol of Plasma or Serum*® 

a, GENERAL. (1) Cholesterol is an alcohol which exists in plasma 
partly uncombined (“free cholesterol”) and partly esterified with fatty 
acids (“‘esterified” or “combined” cholesterol). In the analysis both 


18 Schoenheimer and Sperry. Journal of Biological Chemistry, 106, 745 (1939), Modified by 
Sperry. Unpublished. 
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forms are extracted from plasma by a mixture of acetone and alcohol. The 
free cholesterol is precipitated from one portion of the extract by means 
of digitonin, which does not precipitate the esterified cholesterol. In an- 
other portion of the extract the esterified cholesterol is set free by saponi- 
fication. Precipitation of this fraction with digitonin then yields “total 
cholesterol.” The cholesterol in each precipitate is measured by the blue- 
green color formed on treatment with acetic anhydride containing concen- 
trated sulfuric acid (the Lieberman-Burchard reaction). The esterified 
cholesterol is calculated as the difference between total and free choles- 
terol. 

(2) Because of the rather weak and transient character of the color, 
a photometer serves better than a colorimeter for the analysis. The 
method will first be described for the photometer, then the few modifica- 
tions will be given which must be made when the final reading is to be 
made in a Duboscq colorimeter. 

b. Reacents. (1) Acetone-alcohol mixture. One volume of redis- 
tilled acetone is mixed with 1 volume of absolute ethyl alcohol. 

(2) Ether (peroxide-free ether). 

(3) Acetone-ether mixture. One volume of redistilled acetone is mixed 
with 2 volumes of peroxide-free ether. 

(4) Digitonin, 0.4 percent solution. Dissolve 400 mg of digitonin in 
100 ce of distilled water with heating on the steam bath; the solution 
should be clear. A sediment will develop on standing; remove this by 
filtration or centrifugation just before use. A digitonin that gives a 
markedly opalescent or cloudy solution should not be used in this method. 
The digitonin must also precipitate cholesterol quantitatively under the 
conditions described. . 

(5) Potassium hydroxide solution. Dissolve 10 gm of pure potassium 
hydroxide in 20 cc of water. Store the solution in a bottle equipped with 
a dropping pipette with a rubber bulb attached. If a sediment develops, 
filter the solution through sintered glass or asbestos before use. 

(6) Phenolphthalein, 1 percent solution. Dissolve 1 gm phenolphtha- 
lein in 100 ce of ethyl alcohol. 

(7) Acetic acid, 10 percent solution. Dilute 10 cc of glacial acetic 
acid to 100 ce with distilled water. 

(8) Acetic acid, glacial. Highest purity reagent grade product is 
recommended. 

(9) Acetic anhydride. (99 to 100 percent, chloride-free.) Highest 
purity reagent grade. If sediment or color is present, redistill. 

(10) Sulfuric acid, concentrated. 

(11) Cholesterol, stock standard solution. One hundred mg of choles- 
terol is dissolved in glacial acetic acid and the volume is brought to 100 
cc. The cholesterol used must have been crystallized from an anhydrous 
solvent, it must be odorless and pure white, and it must melt sharply at 
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not below 147° C. (uncorrected). If these criteria are not met, recrystal- 
lize from an anhydrous solvent, such as absolute ethyl or methyl alcohol, 
or ethylene chloride. 

(12) Cholesterol, working standard solution, 0.1 mg per cc. Ten cc 
of the stock standard solution is diluted to 100 ce with glacial acetic acid. 

c. AppARATuS. (1) Filter paper, Whatman No. 1 or its equivalent, 
extracted with hot alcohol until completely free of sterols. 

(2) Stirring rods, approximately 13 cm long and 3 mm in diameter. 

(3) Preserving jars, either pint or quart size, with rubber gaskets. 

(4) Dropping bottles for the solvents. The bottles are equipped with 
ground in pipettes that carry rubber bulbs. 

(5) Centrifuge tubes, pyrex, heavy-duty, 12-cc, calibrated roughly at 
6 cc, and numbered. 

(6) Rack for holding stirring rods. This may be devised from a piece 
of heavy wire. | 

(7) Dark cabinet, containing a water bath. A wooden packing box, 
equipped with a door or curtain, will serve. The cabinet is fitted with 
a pan or tray, about 10 cm deep, to serve as a water bath. The larger 
the water bath, the easier it will be to control the temperature. Inlets 
should be made for a thermometer, and for a funnel for the addition of 
water, by drilling holes in the top of the box. 

(8) Metal racks or wire baskets, divided into compartments by wires, 
for holding centrifuge and photometer tubes in the water bath. 

(9) Colorimeter or spectrophotometer. For the photometer, cuvettes 
presenting a transmitting length of solution of 15 to 20 mm are desirable, 
such as the 19-mm test-tube cuvettes of the Coleman Junior spectropho- 
tometer. 

(10) Stop watch. 

d. Procepure. (1) Extraction. Place 7 to 10 cc of the acetone- 
absolute alcohol solution in a 25-cc volumetric flask and pipette 1 cc of 
blood serum into the solution, allowing the serum to run down the wall 
of the flask. Do not agitate during the addition, but swirl the liquid 
vigorously as soon as the pipette is withdrawn. A finely divided pre- 
cipitate should result. Heat the flask over a steam bath, with fairly rapid 
rotation to prevent bumping, until the solvent boils. Cool the flask to 
room temperature, add acetone-alcohol to the mark, using a dropping 
pipette for the final adjustment, mix the contents thoroughly, and filter 

into a clean flask. The filtrate should be perfectly clear. Pipette samples 
for the subsequent steps at once to minimize evaporation. 

(2) Precipitation of free cholesterol. (a) (The procedure is de- 
scribed for a single determination. In practice, the average time per 
determination may be greatly shortened by carrying through a number 
of analyses together.) Pipette 7 cc of the filtrate into a 15-cc centrifuge 
tube, record the tuhe number, add 3.5 cc of the digitonin solution (pre- 
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cise measurement is not necessary) and 1 drop of the 10 percent acetic 
acid solution, and stir thoroughly with a stirring rod, which is left in 
the tube; place the tube in a preserving jar, cover it tightly, and leave 
it overnight at room temperature. 

(b) Transfer the tube to a test-tube rack, and stir the contents to break 
up clumps of precipitate and to free particles that may adhere to the 
walls of the tube near the surface of the liquid; remove the rod, and place 
it on the rack with care so that no precipitate adhering to the rod is lost. 
If several samples are carried through at the same time, note the position 
of each rod so it may be returned to the proper tube. Centrifuge the tube 
until the precipitate is packed tightly enough to permit decantation of the 
supernatant liquid without loss. A few small particles usually remain 
suspended and cannot be centrifuged down; their loss does not affect the 
result. Decant and discard the supernatant solution. After decantation, 
drain the tube for a few moments and remove the last drop by touching 
the lip to a clean towel. Replace the stirring rod in the tube, and wash 
down the wall of the tube and the rod with about 4 cc of the acetone-ether 
solution, delivered from a dropping pipette; stir the contents thoroughly, 
return the rod to the rack, centrifuge the tube, and decant the centrifu- 
gate as before. Wash the precipitate twice more in the same manner. 
but with ether instead of acetone-ether. Replace the rod and set the 
tube aside until ready for color development. The sample may be stored 
for several days at this stage. If color development is to follow at once, 
be sure that the ether has evaporated. 

(3) Precipitation of total cholesterol. (a) Saponification. Add 3 
drops of the potassium hydroxide solution to a 15-cc centrifuge tube, that 
is marked to contain 6-cc (approximately). Pipette 3 cc of the blood 
filtrate into the tube, record the tube number, and stir at intervals with 
a vigorous up and down motion of the stirring rod until no droplets of 
the alkali can be seen at the tip of the tube. Leave the rod in the tube. 
Place a layer of sand about 5 cm deep in a preserving jar, and heat it in 
a water bath until the temperature of the sand is about 45° C. Place 
the tube in the sand, cover the jar tightly, and put it in an incubator at 
37 to 40° C. for 30 minutes. 

(b) Neutralization. Remove the tube to a rack, allow the tube to 
cool, raise the stirring rod and add alcohol-acetone to the 6-cc mark; add 
1 drop of phenolphthalein solution, and titrate with the 10 percent acetic 
acid solution. About 0.4 cc should be required. Add 1 drop more than 
enough to decolorize the phenolphthalein. 

(c) Precipitation. Add 3 cc of the digitonin solution, stir thoroughly, 
place the tube in a preserving jar, cover it tightly, and leave it at room 
temperature for at least 3 hours, preferably overnight. Carry out the 
centrifuging and washing as described for free cholesterol, except that 
only one ether washing is necessary, 
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(4) Drying of cholesterol digitonide. Heat a shallow pan containing 
a layer of sand about 3 cm deep to 110 to 115° C. in an oven. Place 
the tubes containing the precipitates, of either free or total cholesterol, 
in the sand in the order in which readings are to be taken, and return 
the pan to the oven for 30 minutes. 

(5) Resolution of cholesterol digitonide in glacial acetic acid. (a) 
While the precipitates are drying in the oven adjust the darkened water 
bath to a temperature at which it can be maintained during the rest of 
the procedure by adding hot or cold water as needed. The most satis- 
factory bath temperature is 25°, but if the laboratory temperature is 
higher, and cold water not available, the bath may be set at 30°, 35°, 
or 40°. . 

(b) After the 30-minute drying, remove the sand bath containing the 
tubes from the oven and pipette 2 cc of glacial acetic acid into the first 
tube while it is still in the hot sand. Allow the acid to wash down the 
rod and the wall of the tube. Stir the contents vigorously and leave the 
tube, containing the rod, in the sand while acid is being added to the next 
two or three tubes, a total of 2 or 3 minutes. Stir again, remove the tube 
from the sand, allow it to cool, and place it in a rack in the water bath. 

(c) In the same manner add acetic acid to all of the tubes in the series, 
and place them in the water bath. 

(6) Preparation of standards. Include with each series of determina- 
‘tions at least two standards prepared as follows: Pipette 2-cc portions 
of the standard solution of cholesterol, containing 0.1 mg per cc, into 
centrifuge tubes, insert stirring rods, and place the tubes in the water 
bath along with the unknown samples. 

(7) Preparation of acetic anhydride-sulfuric acid reagent. (a) This 
reagent decomposes on standing, and must be made up fresh for each 
series of determinations. If the reagent is kept in an ice-bath it can be 
used for 1 hour, but if it is prepared and kept at room temperature it 
must all be used within at most 30 minutes. Otherwise the reagent weak- 
ens, so that development of color with cholesterol is slower than indicated 
in the directions below, and the final color may be weaker. 

(6) Measure from a burette enough acetic anhydride for the series of 
analyses (4 cc for each analysis) into a glass-stoppered flask large enough 
to hold at least twice the volume of fluid added. ; 

(c) If ice is available, chill the flask in ice water. To the chilled an- 
hydride add concentrated sulfuric acid slowly, 1 cc for each 20 cc of the 
anhydride. Take 2 minutes for the addition and during it rotate the flask 
in the bath. The temperature rises several degrees despite the bath. 
After the addition, remove the flask from the ice bath, stopper it, and 
shake vigorously for a few seconds, then return it to the ice bath and 
let it stand there 10 minutes to cool before beginning to use it. Keep the 
flask in the ice bath until finished with its use. Except during withdrawal 
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of portions of the reagent, keep the flask closed in order to prevent ab- 
sorption of atmospheric moisture by the reagent. If ice is not available 
a bath at room temperature may be used. The sulfuric acid is added in 
the manner described above. A thermometer is kept in the mixture, and 
after the addition of the sulfuric acid is completed, rotation in the bath 
is continued until the reagent temperature has fallen to within 1° C. of 
bath temperature. The flask is then kept stoppered, except when reagent 
is withdrawn. 

(8) Preparation of blank. Ina photometer cuvette mix 2 cc of glacial 
acetic acid and 4 cc of the anhydride-sulfuric acid reagent, and place the 
cuvette in the water bath with the tubes of redissolved digitonide. 

(9) Development of color in standards and unknowns. (a) Condi- 
tions for color development. Four cc of the anhydride-sulfuric acid re- 
agent is added to each tube of redissolved cholesterol digitonide, and the 
tube is kept in the darkened water bath at 25° C. (or at higher tempera- 
ture if the bath can not be kept at 25°) until time for the photometric 
reading. The color develops gradually, reaches a maximum, and soon 
begins to fade. The time, from addition of the anhydride-sulfuric acid 
reagent until fading begins, depends on the temperature of the bath in 
which the tubes of reacting solution stand. At 25° the time is 40 min- 
utes; at 30°, 23 minutes; at 35°, 15 minutes; at 40°, 11 minutes. Of each 
period, about four-fifths of the time is taken to develop the maximum 
color, which endures for the last fifth The moment at the end of the 
interval of maximal color is chosen for the reading, because the result 
at that moment is less likely to be influenced by variations in the reagent 
than at the beginning of the interval of maximal color. 

(b) Development of color in a series of determinations. When a 
series of analyses are made together, arrange the centrifuge tubes in the 
darkened water bath in the order in which they are to be read, with one 
standard at the beginning of the series and one at the end. Into tube 
No. 1 of the series (one of the standards) pipette 4 cc of the acetic an- 
hydride-sulfuric acid reagent, and note the exact time, or, preferably start 
a stop watch. Stir vigorously with the rod to insure immediate and com- 
plete mixing. Then pour the entire solution into a clean, dry photometer 
cuvette, marked No. 1, and place the cuvette back in the bath in the place 
from which the centrifuge tube was taken. 

(c) At definite, uniform time intervals, such as 2 minutes, tubes No. 2, 
No. 3, etc. of the series are successively treated in the same manner, and 
their contents transferred to similarly numbered cuvettes, which are placed 
in the bath. The time interval used between additions of the anhydride- 
sulfuric acid reagent to the successive tubes must be long enough to per- 
mit one to complete easily the addition of reagent, mixing, and transfer 
to a cuvette. The interval must also permit one, after color is developed, 
to read the optical density of each cholesterol solution and then recheck 
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the zero point with the blank before reading the next solution. Intervals 
of 2 minutes usually suffice, and with practice the interval may be short- 
ened to 1 minute. 

e. PHotomMetric MEAsuREMENT. (1) While the color is developing 
in the cholesterol-containing cuvettes, remove the cuvette with the blank 
solution from the water bath, quickly wipe off the water with a clean, dry 
towel, then dip the tube into alcohol and wipe again. Place the cuvette 
in the photometer and adjust the galvanometer to read zero optical den- 
sity with the wave length set at 625 millimicrons. Then return the blank 
cuvette to the bath. 

(2) One minute before the end of the reaction period of cholesterol 
solution No. 1 (39 minutes after adding the anhydride-sulfuric acid re- 
agent if the bath is at 25°) remove cuvette No. 1 (one of the standard 
solutions), wipe and dry it as described for the blank, and read the optical 
density. Be careful not to stir up the small quantity of sediment that may 
be left in the bottom of the cuvette. 

(3) After reading No. 1, recheck the zero with the blank and adjust 
the galvanometer if necessary. Then read No. 2 in the same manner. 
If the time intervals at which the anhydride-sulfuric acid was added were 
2 minutes, the successive cholesterol-containing cuvettes are taken from 
the 25° bath when the stop watch registers 39, 41, 43, etc., minutes. If 
the bath temperature is 30°, the cuvettes are taken when the stop watch 
registers, 22, 24, 26, etc., minutes. The reading of each cuvette is taken 
1 minute after withdrawal from the bath. Exact timing according to tem- 
perature is necessary for exact results. 

(4) Continue in this way until all the tubes of the series bavie been 
read, the zero point being checked with the blank before each reading. 

(5) The intervals between readings must be the same as between addi- 
tions of the anhydride-sulfuric acid reagent, so that the reaction period 
between the addition and the reading will be the same for each cuvette. 

(6) Photometric calculation. When a sample of the size prescribed 
above is used the calculations are made by the following equations: 
166.7 Du 
Mg total cholesterol per 100 cc serum (C.) = ————. 
71.4Dua 
Mg free cholesterol per 100 cc serum (C:) = ————. 


Mg combined cholesterol per 100 cc serum (C-) =C:—Cz. 
100 C. 


Percentage of cholesterol combined = —— 


t 


Dg is the optical density of the standard, D, that of the unknown. 
(7) In cases in which extremely high cholesterol contents make it 
necessary to take smaller samples than those prescribed for the usual pro- 
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cedure, the values calculated by the above equations are multiplied by 
1.5, 2, or 3, as directed in g below. 

f. CotorimMeTRic MEASUREMENT. The analysis is the same as with 
the photometer, except for the following changes: 

(1) Working standards. Standards are used containing 0.07, 0.12, 
and 0.30 mg of cholesterol per cc. These are made by measuring 7, 12, 
and 30 cc, respectively, of the stock standard (1 mg per cc) into 100-cc 
flasks, and diluting each to the mark with glacial acetic acid. 

(2) Development of color. (a) Because of the transient nature of the 
color, and the fact that standard and unknown must be observed at the 
same time, a standard is prepared simultaneously with each unknown. 

(b) For free cholesterol 2 cc of the standard containing 0.07 mg per 
cc is ordinarily used. 

(c) For total cholesterol 2 cc of the standard containing 0.12 mg per 
ce is ordinarily used. 

(d) For total cholesterol exceeding 300 mg per 100 cc of plasma, 2 cc 
of the standard containing 0.3 mg per cc is used. With practice one can 
judge from the bulk of the digitonide precipitate when so much choles- 
terol is present that the standard containing 0.3 mg per cc is needed. 

(e) The acetic anhydride-sulfuric acid reagent is added to each un- 
known and its accompanying standard at as nearly as possible the same 
time. The color is developed in the centrifuge tubes, and the solutions 
are transferred to colorimeter cups just before readings are to be made. 

(f) When analyses are done in series, 10 minutes are let pass, after 
adding the acetic anhydride-sulfuric acid reagent to each unknown stan- 
dard pair, before the reagent is added to the next pair in the series. The 
10-minute intervals between readings in a series permit one to wash and 
dry the colorimeter cups after each reading. 

(g) After each reading the cups are washed with alcohol and ether and 
dried ; there is not enough cholesterol solution to permit using part of it 
to wash the cups. 

(h) The duration of the reaction with the acetic anhydride-sulfuric 
acid reagent is the same as for the photometric measurement. 

(1) The cups and plungers must be scrupulously dried before the 
cholesterol solutions are added, because the color is affected by small 
quantities of water. 

(j) Calculations from colorimeter readings: 


Ss 
Mg total cholesterol per 100-cc serum (Ct) = 1,667 Cs X —. 


Mg free cholesterol per 100-cc serum (C+) =714Cs X a 


Mg combined cholesterol per 100-cc serum (Cc) =Ce—Cx. 
100 C. 


Percentage of cholesterol combined = 
t 
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C, is the mg of cholesterol per cc in the standard solution used; S is 
the reading of the standard, U that of the unknown. 

(k) The above calculations hold when samples of the size prescribed 
above for usual use are used. When high cholesterol contents necessitate 
smaller samples, the values calculated by the above equations are multi- 
plied by 1.5, 2, or 3, as directed below under g. 

g. Notes AND Precautions. (1) Total cholesterol. ‘The concentra- 
tion of total cholesterol in the serum of healthy persons varies from a 
little over 100 to nearly 400 mg per 100 cc; in disease it may reach 1,000 
or more. The method as given covers concentration ranges from about 
110 to 700 mg per 100 cc, which are within the desirable range of the 
photometer (10 to 70 percent transmittance). If concentrations above 
700 mg per 100 cc are encountered, they may be handled in either of two 
ways, (a) or (b): 

(a) For “extraction” take only 0.5 cc of serum in 25 cc, but otherwise 
follow the procedure exactly as given. In calculating multiply by 2 the 
values and free cholesterol given by the equations. 

(b) For “precipitation of total cholesterol” take, instead of 3 cc of 
filtrate, 2 cc, or in extreme hypercholesteremia only 1 cc, and decrease 
the volume of KOH solution used for saponification from 3 drops to 2 
or 1 drop, respectively. In calculating, multiply the value for total chol- 
esterol given by the equation by 1.5 for 2 cc of filtrate, or by 3 for 1 cc 
of filtrate. 

(2) Free cholesterol. (a) The method as given covers concentrations 
of free cholesterol from about 45 to 300 mg per 100 ce of serum, with 
readings which are within the desirable range of the photometer. Values 
above 300 mg are rare; they may be handled by taking for “extraction” 
0.5 cc, instead of 1 cc, of serum, and multiplying by 2 the value for free 
cholesterol given by the equation. 

(b) For free cholesterol values below 45 mg per 100 cc of serum there 
is no way of obtaining color densities great enough to be within the de- 
sirable range, without drastic revision of the method. Do not increase 
the proportion of serum extracted above 1 cc, as the extraction may then 
be incomplete. One must accept the necessity of measuring an undesir- 
ably low optical density, and make the measurement with as much care 
as possible. 

(3) Whole blood. The method may be applied to the determination of 
cholesterol in whole blood, but this is inadvisable. The cholesterol of red 
cells is entirely in the free form, and the concentration is maintained 
within a narrow range in all conditions of health and disease that have 
been investigated. There is no evidence of any direct relation between 
the cholesterol of the serum and that of the red cells, and the determina- 
tion of both together in whole blood is not an accurate measure of the 
amount in either of them, 
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(4) Centrifuging. (a) Considerable time may be saved in centrifug- 
ing by selecting centrifuge tubes of the same weight within the tolerance 
allowed in balancing the centrifuge. These tubes should be calibrated 
and numbered, and kept for exclusive use in cholesterol determinations. 
With such balanced tubes it is not necessary to balance tubes and carriers 
before each centrifuging if the carriers are balanced at the start; but be 
careful not to centrifuge “free” opposite “total” samples, since the vol- 
umes are different. 

(b) The time necessary for centrifuging depends on the characteristics 
of the centrifuge used and must be determined by the operator. In de- 
canting, pour slowly and be sure that no precipitate is loosened and car- 
ried out as the solution draws away from the packed precipitate. With 
a radius of 13.5 cm and a speed of 2,800 rpm, 15 minutes centrifuging 
is adequate for “free” samples at the first stage; 5 to 7 minutes suffice 
for “total” samples and for the acetone-ether and ether washings. 

(5) Bookkeeping. When a large number of samples are carried 
through the procedure together, careful bookkeeping is essential to avoid 
intermixing of tubes and placing stirring rods in the wrong tubes. At 
each stage, place the tubes in racks in the same order in which they are 
entered in the record and read them in that order. 

(6) Exclusion of water. The reaction which produces the color is 
grossly affected by small quantities of water. Be careful that water does 
not drip into any tube while tubes are being removed from the bath, and 
avoid splashing, if the bath is transported from one place to another. 


199. Bilirubin of Serum (van den Bergh diazo reaction) 

a. GENERAL. Bilirubin, like aromatic amines, combines with diazonium 
salts to form azo dyes. Van den Bergh applied the reaction to serum, 
forming “azorubin” by coupling diazotized sulfanilic acid with the bili- 
rubin, and measuring the azorubin colorimetrically. The color is less 
interfered with by other serum pigments than is the color of the “icterus 
index” measurement, and provides a more accurate measurement of the 
serum bilirubin. In normal serum and in sera from many cases of jaun- 
dice, particularly hemolytic jaundice, the bilirubin appears to be attached 
to the serum proteins, and does not begin to show the azorubin color in 
water solution until several minutes after the diazo reagent has been 
added ; this delayed reaction is called the “indirect van den Bergh.” Par- 
ticularly in cases of obstructive jaundice, however, a considerable part of 
the serum bilirubin is free to react at once with the diazo reagent; this 
quick reaction is called the “direct van den Bergh.’ Addition of alcohol 
sets all the bilirubin free to react with the diazo reagent, and is used to 
make the reaction quantitative for total bilirubin content of the serum. 

b. Reacents. (1) Methyl alcohol, absolute. 

(2) Sulfanilic acid, 0.1 percent solution. Dissolve 1 gm of sulfanilic 
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acid in 15 ce of concentrated HCl and dilute to 1 liter with distilled 
water. 

(3) Sodium nitrite, 0.5 percent solution. Dissolve 0.5 gm of NaNO, 
in a little water and dilute to 100 cc. The solution should be prepared 
on the day it is used. 

(4) Diazo reagent. Add 0.3 cc of the nitrite solution to 10 cc of the 
sulfanilic acid solution. The diazo reagent is prepared within a few min- 
utes of the time when it is to be used. 

(5) Hydrochloric acid, dilute. Dilute 15 ce of concentrated HCl to 1 
liter with distilled water. 

(6) Bilirubin, stock standard. Dissolve 40 mg of bilirubin in pure 
chloroform in a 100-cc flask, and dilute to the mark with chloroform. 
Store in a brown glass bottle closed with a well-ground stopper to pre- 
vent evaporation. The solution is stable. 

(7) Bilirubin, dilute working standard, 0.4 mg per 100 cc. Dilute 1 cc 
of the stock standard to 100 ce with absolute methyl alcohol. 

c. HANDLING oF BLoop. To avoid turbidity of serum caused by ali- 
mentary lipemia, the blood is taken when the patient is in the post-absorp- 
tive state. The blood is allowed to clot, and is centrifuged, after the 
serum has separated, with every precaution to avoid hemolysis. (See 
par. 182.) The diazo reaction must be applied within 2 hours after the 
blood is collected. If even the separated serum is allowed to stand, the 
reaction becomes altered. Sera which, when fresh, give direct reactions 
may, after standing, give only indirect reactions. 

d. QUALITATIVE REAcTION."* (1) Dilution of serum. Jaundiced sera 
must be diluted with water before adding the diazo reagent. The proper 
dilution can be judged from the intensity of the yellow color of the serum. 
As a rule a fivefold or tenfold dilution is satisfactory. 

(2) Procedure. To 1 cc of the diluted serum, add 2 cc of fresh diazo 
reagent and mix. Three results may be given: 


(a) Direct reaction. The color change is detected as soon as serum 


and diazo reagent are mixed; it reaches maximum intensity in from 1 
to 2 minutes. The color is reddish-pink in undiluted serum, and pur- 
plish or reddish-violet in diluted serum. 

(b) Indirect reaction. No change in color is noted during the first 
2 minutes. After 4 to 10 minutes a golden color appears; the color then 
slowly changes to a brownish-red, and generally at the end of 1 or 2 
hours the pink color of azorubin has developed. 

(c) Biphasic reaction. This is rare. The color appears during the 
first 2 minutes; it is not the typical pink, but a brownish-red, which 
reaches its maximum intensity in about 5 minutes. 

e. QUANTITATIVE SERUM BILIRUBIN.*® (1) Dilution of serum. (a) 


14-Sepulveda and Osterberg, Journal of Laboratory and Clinical Medicine 28, 1359 (1943), 
4 Evelyn and Malloy, Journal of Biological Chemistry, 119, 491 (1937). 
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Serum with less than 10 mg of bilirubin per 100 cc. Dilute 1 cc of serum 
to 10 cc with distilled water and mix. This serves for all except ex- 
tremely jaundiced sera. 

(b) Serum with more than 10 mg of bilirubin per 100 cc. Dilute 1 cc 
of serum to 25 ce with distilled water and mix. 

(2) Preparation of recewers for standard, blank, and serum. (a) 
Standard. Pipette 5 cc of the working standard solution and 1 cc of 
freshly prepared diazo reagent into a test-tube or flask of about 25-cc 
capacity (a colorimeter cup or photometer cuvette may be used). 

(b) Blank (required for photometric but not for colorimetric measure- 


_ ment). Pipette 5 cc of absolute methyl alcohol and 1 cc of the dilute 


hydrochloric acid into a similar receiver (diazo reagent is omitted). 

(c) Serum. Pipette 5 cc of absolute methyl alcohol and 1 cc of fresh 
diazo reagent into a similar receiver. 

(3) Color development. To the receiver for the standard add 4 cc of 
distilled water. To the receiver for the blank and that for the serum 
add 4 ce of the diluted serum. (Addition of serum to the photometric 
blank makes the blank embody a correction for light absorption by col- 
ored serum constituents other than bilirubin, and by any turbidity that 
may develop when the diluted serum is mixed with methyl alcohol and 
hydrochloric acid.) Mix the contents of each receiver, and let stand 30 
minutes at room temperature for the azorubin color to develop. 

(4) Colorimetric measurement. The serum is compared with the 
standard. Before placing the colorimeter cups in position detach any 
bubbles that may be present by tapping the cups against a wooden block. 
(Bubbles of nitric oxide gas are likely to form from decomposition of 
the nitrous acid in the diazo reagent.) 

Calculation: When the serum is diluted tenfold the calculation is: 


Ss: 
Mg bilirubin per 100 cc a 


When the serum is diluted twenty-five-fold the calculation is: 
a 
Mg bilirubin per 100 cc serum = 12.5 X —. 


: U 
S is the reading of the standard, U that of the unknown (serum). 

(5) Photometric measurement. (a) Light of wave length 530 to 540 
millimicrons is used. The blank is likely to vary appreciably from serum 
to serum, because it compensates for light absorption by turbidity and 
serum pigments. Because of this variability it is convenient, when run- 
ning a series of analyses, to set the scale for zero optical density with a 
water blank, and to measure the density of each serum blank compared 
with water as zero, rather than to follow the usually preferable procedure 
of setting the zero point with the reagent blank. Hence, with the zero set 
with a water blank, the readings of the different serum blanks of the re- 
spective diazotized serums, and of the standard are taken, 
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Calculation: 
Du oe, Dp 


Mg bilirubin per 100 cc serum =5X = 


when the serum is diluted tenfold. 
When the serum is diluted twenty-five-fold the calculation is: 
Mg bilirubin per 100 cc serum = 12.5 X eects 
D, is the optical density of the unknown (serum), Dy the density of the 
blank, and D, the density of the standard. 

(b) The reading of D, has been found by Evelyn and Malloy to be 
sufficiently constant to permit using a constant value for it, without rede- 
termining it in each analysis. If a constant value of D, is used, and k 
is taken as 5/D, for tenfold diluted serum, 12.5/D, for twenty-five-fold 
diluted serum, the calculation becomes: 


Mg biltrubin per 100 cc serum =k (Da— Dp). 
(6) Use of cobaltous sulfate standard solution (Maclay and Osterberg, 


Staff Meetings of the Mayo Clinic (1944)). (a) When bilirubin is not 
available for standards, cobaltous sulfate may be substituted. A water 
solution of 600 mg of cobaltous sulfate (CoSO,.6H,O) per 100 cc has 
the same optical density as a diazotized bilirubin solution containing 0.1 
mg of bilirubin per 100 cc, when light filtered through a No. 2 Cenco 
filter (transmission range 550 to 700 millimicrons) is used in a photome- 
ter. In a Duboscq colorimeter, a green glass filter (Wratten No. 74) 
over the eyepiece overcomes the slight disparity in color between the 
cobaltous sulfate and the diazotized bilirubin. 

(b) When the serum is diluted tenfold the factor 2.5 replaces the fac- 
tor 5 in the equations given for both colorimetric and photometric calcu- 
lations above. If the dilution is twenty-five-fold, the factor 6.25 replaces 
12.5 in the equation for that dilution. In case a fiftyfold dilution is 
used, the factor is 12.5 for use with the cobaltous sulfate standard. 

(c) If the reading with the tenfold diluted serum indicates more than 
5 mg of bilirubin per 100 cc, repeat the determination, diluting the serum 
to twenty-five-fold or fiftyfold. Comparison with the cobaltous sulfate 
standard is not accurate if the bilirubin cencentration in the diluted serum 
exceeds 0.5 mg per 100 cc. 


200. Icterus Index of Serum’® 

a. GENERAL. The icterus index is a rough measure of the bile pig- 
ments in the serum. It is carried out by comparing the color of the serum 
with that of a standard solution of potassium dichromate. It is simpler, 
but less accurate, than the van den Bergh diazo reaction (par. 199) for 
“measurement of the bilirubin content of serum. If the icterus index is 
within normal limits, the result may be accepted. If the index is high, 


16 Meulengracht, Deutsche Archives f, klinische Medecin 132, 285 (1920), 
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however, there is a possibility that the high value may be due to lipo- 
chrome pigments or to carotinemia; in the latter condition the index may 
be as high as in severe jaundice. It is convenient practice to run routine 
icterus indices and confirm high values by checking them with the van den 
Bergh determination. 

b. PREPARATION OF SUBJECT AND SERUM. (1) To avoid carotinemia 
the subject should not eat carrots for 24 hours before the test. 

(2) If serum is lipemic the turbidity makes the readings too high, espe- 
cially if they are made with a photometer. To avoid lipemia the blood 
is drawn 4 or more hours after ingestion of food. If this precaution does. 
not suffice to yield a serum that is clear and remains clear when diluted, 
the serum can not be used for a photometric determination of the index. 
(In some diseases, such as nephrosis and severe diabetes, there may be 
chronic lipemia. ) 

(3) The slightest trace of hemolysis vitiates the results and must be 
avoided. The needle and syringe used to draw the blood must be dry. 
The blood is allowed to clot in a dry centrifuge tube protected from light, 
and is then centrifuged. 

c. Reacents. (1) Potassium dichromate, 0.01 percent standard solu- 
tion. Dissolve 100 mg of K,Cr,O, in about 500 cc of water in a 1-liter 
flask. Add 4 drops of concentrated sulfuric acid, and dilute to the mark 
with water. Keep in a dark glass bottle. 

(2) Sodium chloride, 0.9 percent solution. 

(3) Sodium citrate, 5 percent solution. 

d, Procepure. (1) Colorimetric measurement. If the serum is more 
‘deeply dyed than the standard dichromate solution, dilute the serum with 
accurately measured volumes of the 0.9 percent NaCl solution until the 
diluted serum has about the same color as the standard. The necessary 
dilution may be to 2, 5, 10, or even more times the original volume of the 
serum. Place the diluted serum in one cup and the dichromate solution 
in the other cup, of the colorimeter. 

Calculation: The icterus index is defined as unity when the color of 
the undiluted serum matches that of the 0.01 percent dichromate solution. 
Hence the calculation formula is: 

SXV ' 

3 U 

Sis the reading of the standard, U is the reading of the unknown, V the 
number of volumes to which 1 volume Of serum is diluted before com- 
parison with the dichromate standard is made. V is 1 when no dilu- 
tion is made. 

(2) Photometric measurement. Dilute 1 cc of clear serum to 10 cc 
with 5 percent citrate solution and mix. Read in the photometer with 
light of 420 millimicrons wave length. Use a 5 percent sodium citrate 
solution as the blank. The optical density of the 0,01 percent K,Cr,O, 


Icterus index = 


ZS 


solution is read with the same wave length, with the zero set with a water 
blank. 


Calculation: 


D of serum 
Icterus index = 10 X ———-———————. 
D of dichromate 


D of serum is the optical density of the tenfold diluted serum. D of 
dichromate the density of the 0.01 percent K,Cr,O, solution. 

If the icteric index is found to be over 50, repeat the analysis, but with 
a greater than 1:10 dilution of the serum. If V represents the number 


of volumes to which 1 volume of serum is diluted, the calculation is: 


D of diluted serum 
Icterus index = VX ———_—_————_. 
D of dichromate 


Once the value of D of dichromate has been established for a particu- 
lar photometer, cuvette, and wave length, it is valid indefinitely, and need 
not be checked with each analysis. 


201. Chloride of Plasma, Serum, or Spinal Fluid‘ 

a, GENERAL. Chloride solution (plasma or serum) is shaken for 30 
or 40 seconds with pulverized silver iodate in dilute phosphoric acid, and 
iodate dissolved by the reaction, AglO, + Cl — AgCl-+ IO,,, is titrated 
with thiosulfate. (See sec. VI, ch. 3.) The reaction is 99.7 percent 
complete under: the conditions fixed by Sendroy. Simultaneously with 
this reaction the plasma proteins are precipitated by tungstate which is 
added with the phosphoric acid, and a water-clear, protein-free filtrate 
is obtained for the titration. No correction for the solubility of the silver 


Ps tare.” 


iodate is required, because the IO," in solution depresses the solubility 


of the AgIO, to a negligible value at the end of the reaction. 

b. Apparatus. A 25-cc burette, accurate transfer pipettes of 1, 10, 
and 25-cc capacity, and 50-cc Erlenmeyer flasks are required. In addi- 
tion either centrifuge tubes of 15- or 50-cce capacity, or else funnels of 
5- or 6-cm diameter. 

c. Reacents. (1) Phosphoric-tungstic acid solution. Dissolve 6 gm 
of chloride-free sodium tungstate (Na,WO,.2H,O) (A.C.S. grade con- 
taining less than 0.01 percent of chloride) in 1 liter of water and add 10 
cc of concentrated phosphoric acid (sp. gr. 1.72). (If chloride-free 
sodium tungstate can not be obtained, 2 gm of picric acid may be substi- 
tuted for the 6 gm of tungstate.) 

(2) Sodium iodide solution. Fifty gm of sodium iodide are dissolved 
in 50 cc of water. The solution is kept in a brown glass bottle with a 
stopper that is provided with a dropping pipette. The solution is tested 
for the absence of free iodine by adding 1 cc of the iodide solution to 


17 Sendroy, Journal of Biological Chemistry, 120, 405 (1937), modified by Van Slyke and 
Hiller, Peters and Van Slyke’s methods 1943 edition. page 839. 
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10 ce of the phosphoric-tungstic acid solution and adding a drop of starch 
indicator solution. The mixture should remain colorless. If a blue color 
appears, discard the sodium iodide solution and prepare a fresh one. The 
solution will keep for several weeks without forming free iodine if kept 
in a bottle of brown glass which is not exposed to sunlight. In place of 
the iodide solution, one may use sodium iodide in solid form. The solu- 
tion is more convenient if many analyses are to be done. Even the solid 
must be kept in brown glass to avoid oxidation of the surface with forma- 
tion of free iodine. 


(3) Starch solution, 1 percent. (See par. 140.) 

(4) Potassium iodate, 0.1 N solution. Dissolve 3.567 gm of reagent 
grade potassium iodate (KIO,) in water in a 1-liter volumetric flask, 
dilute to the mark and mix. 

(5) Sodium thiosulfate, stock 0.9232 N solution. Dissolve 57.30 gm 
of crystalline sodium thiosulfate (Na,S,O,.5H,O) in water and dilute 
to 250 cc in a volumetric flask. The solution keeps indefinitely. Its con- 
centration is tested and standardized as described in the next paragraph. 

(6) Sodium thiosulfate, 0.02308 N solution. (a) Transfer with an 
accurate pipette 25 cc of the 0.9232 N thiosulfate solution to a 1-liter 
volumetric flask, add 1 gm of borax as a preservative, and dilute to 1 liter. 

(b) The accuracy of the solution is checked by titrating against the 
0.1 N KIO, as follows: 5 cc of the 0.1 N KIO,, measured from a cali- 
brated transfer pipette, is mixed with 20 cc of water and 5 cc of 1 N 
H,SO, in a 100-cc Erlenmeyer flask. Of the sodium iodide solution 1.5 
ce is added, and the 0.02308 N thiosulfate is run in from a 25-cc burette 
until the iodine color nearly disappears. Then 3 drops of starch solution 
are added and the titration is continued until the solution becomes color- 
less. The volume of thiosulfate required should be 21.67 cc. If it differs 
by more than 0.1 cc from this, add either water or sodium thiosulfate in 
calculated amount to the stock 0.9232 N solution. 


(c) The 0.02308 N solution may change under laboratory conditions 
at the rate of 1 or 2 parts per thousand per month. Hence it is desirable 
to restandardize the solution once a month against the 0.1 N KIO,. When 
the volume of KIO, solution required in the titration chainges by more 
than 0.1 cc, the 0.02308 N thiosulfate solution is discarded and a fresh 
solution prepared from the stock solution. The normality, 0.02308, is 
used because it simplifies calculation, since each 0.1 cc of this thiosulfate 
used in the titration of plasma chloride indicates 1 millimole of chloride 
per liter of plasma. 


(7) Precipitated silver iodate, free from both other todates and other 
silver salts. The AglO, may be tested by shaking 0.5 gm in 25 cc of the 
phosphoric-tungstic acid solution for a minute, filtering, and titrating 
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the dissolved iodate in 10 cc of filtrate with the 0.02308 N thiosulfate, as 
described below for titration of plasma filtrates. The volume of thiosul- 
fate used should be 0.50 cc if the temperature is 20°, 1.00 cc if the tem- 
perature is 40°, the intermediate variation being approximately linear. 
If more thiosulfate is required than corresponds to the temperature the 
AgIO, contains other iodates in significant amount. It can be purified 
by stirring it up in 20 times its weight of water and washing it on a 
Buchner funnel with water.*® 


d. Procepure. (1) Reaction with silver iodate. One cc of plasma, 
serum, or spinal fluid is measured from an accurate pipette into a 50-cc 
centrifuge tube, test tube, or Erlenmeyer flask, and 25 cc of the phos- 
phoric-tungstic acid solution is added from a pipette. From 0.3 to 0.5 
gm of AgIO,, measured with sufficient accuracy from a spoon spatula, 
is added. The tube or flask is stoppered and is shaken vigorously for 40 
seconds, during which time the proteins are precipitated and the reaction 
between the AgIO, and the chloride is completed. 


(2) Separation of supernatant solution. The solution is separated 
from the solids by centrifugation, by filtering, or by gravity sedimenta- 
tion, whichever is most convenient. 


(a) Centrifugation for 1 minute at 3,000 rpm suffices. The tube should 
preferably be capped to prevent evaporation, which might cause meas- 
urable increase in concentration if the centrifugation were allowed to 
overrun the minute. If a 50-cc centrifuge tube is not available, half of 
the mixture may be centrifuged in a 15-cc tube, since 10 cc of the super- 
natant suffices for the titration. 

(b) For filtration, a 9-cm, dry, rapidly filtering paper is used. 

(c) For sedimentation, the reaction is carried out by shaking the mix- 
ture in a test tube of about 50-cc capacity, and the stoppered tube is then 
let stand until enough clear supernatant solution has separated to permit 
withdrawal of 10 cc for titration (sedimentation does not yield enough 
supernatant for duplicate titrations). From 15 to 30 minutes usually 
suffices to obtain the 10-cc sample ; however, if the tube stands overnight 
no harm is done. If the supernatant solution is not entirely clear, the tip 
of the 10-cc pipette used for withdrawing the sample may be wrapped 
with a wisp of absorbent cotton, which serves as a filter, 


If silver iodate is not available it can be prepared as follows: 23 gm of KIO, and 18 gm 
of AgNOs (both of reagent grade, highest purity) are dissolved separately, each in 500 cc of 
water, The iodate solution is placed in a 2- or 3-liter beaker or jar, and the AgNOs solution 
is added slowly with constant stirring. The precipitate is collected in a Buchner funnel and 
washed with water, 100 cc at a time. The filtrates are tested by titrating 10-cc portions as 
described below for the titrations of plasma filtrates, with 0.02308 N thiosulfate. Continue the 
washing until the volume of thiosulfate used corresponds to no more than the solubility; namely, 
0.5 cc of thiosulfate if the temperature is 20°, 1.00 cc if the temperature is 40°, or calculated 
amounts at intermediate temperatures. The precipitate is dried in a desiccator or an incubator, 
and is stored in brown glass, 
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(3) Titration. (a) Of the filtrate, 10 cc is pipetted into a 50-ce Er- 
lenmeyer flask. From 0.5 to 1.0 cc of the soditim iodide solution is added 
(or 0.3 to 0.6 gm of solid Nal). Immediately after adding the iodide 
the iodine that is set free is titrated with the 0.02308 N thiosulfate solu- 
tion delivered from a 25-cc burette. The thiosulfate solution is delivered 
in rapid drops (but not in a stream) until the color of the mixture in the 
flask is only a pale yellow. Two drops of starch solution are then added, 
and the titration is continued, a drop at a time, until the blue solution 
suddenly turns colorless. The end-point is so sensitive that it can be 
located within 0.01 ce of the thiosulfate solution. 

(b) The use of starch to sharpen the end-point is desirable, but not 
necessary, unless picric acid has been substituted for tungstate in the 
phosphoric-tungstic acid reagent solution. The filtrate obtained with the 
phosphoric-tungstic acid reagent solution is water clear, and the end- 
point in it can be obtained without starch by titrating until the last trace 
of yellow iodine color disappears using a flask with 30 cc of water for 
color comparison. | 

(c) When a series of analyses is being done, each 10 cc portion of 
filtrate is treated with sodium iodide just before it is titrated. If all 
the filtrates were treated with iodide at the same time, the solutions that 
would have to wait for some time before titration would lose iodine by 
volatilization. In 40 minutes the loss is about 1 percent. 


(4) Calculation: 


Millimoles chloride per liter plasma= 10 T. 
Mg NaCl per 100 cc plasma = 58.5 T. 
Mg Cl per 100 ce plasma = 35.45 T. 


T is the number of ce of 0.02308 N ftaguttate used in the titration. 

e. Micro Anatysis. The analysis can be carried out with 0.2 ce of 
plasma without changing any of the reagents. The 0.2 cc sample of 
plasma is mixed in a 15-cc centrifuge tube with 5 cc of the phosphoric- 
tungstic acid reagent and 100 mg of silver iodate is added. The tube is 
closed, shaken for 40 seconds, and centrifuged. The titration is carried 
out on 2-ce aliquots of the supernatant, with the 0.02308 N thiosulfate 
delivered from a microburette. A burette of 3-cc capacity is desirable, 
but one of 5 cc is satisfactory. 

Calculation: 
Millimoles chloride per liter plasma =50 T. 
Mg NaCl per 100 cc plasma = 292.5 T. 
Mg Cl per 100 cc plasma = 177.3 T. 
T is the number of cc of 0.02308 N thiosulfate used in the titration. 

f. Contror ANatyses Wit 0.1 N CHLoripe STANDARD SOLUTION. 
(1) The entire technic, including the accuracy of the pipettes used and 
_ the purity of the sodium tungstate and other reagents, can be checked by 
analyzing 0.1 N HCl, prepared by the constant boiling method. One cc 
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of the 0.1 N HCl is measured in the same pipette used for measuring 
plasma samples and is analyzed for chloride in the same manner. Ten cc 
of thiosulfate should be required in the titration. If more or less is used, 
a correction is made in plasma analyses equal to the correction that must 
be added to or subtracted from the cc of thiosulfate used in this control 
analysis to bring the thiosulfate to 10 cc. For example, if in control 
analyses the thiosulfate used averages 10.04 cc, a correction of 0.04 cc is 
subtracted from the burette readings in plasma analyses. 

(2) In place of the 0.1 N HCl one may use 0.1 molar NaCl or KCl, 
but must be sure that the salt used is pure and dried at a temperature of 
200° or higher. 


202. Inorganic Phosphorus’® 

a. GENERAL, The term “inorganic phosphorus,” in the usage of clin- 
ical chemistry is applied to phosphorus in the form of salts of orthophos- 
phoric acid (H,PO,). Orthophosphoric acid in solution with molybdic 
acid forms complex compounds with the latter, of the nature, H,PO,. 
4MoO,.yH,O. When the molybdenum is thus combined with the phos- 
phoric acid the hexavalent molybdenum is susceptible to reduction by vari- 
ous reducing agents, with formation of complexes in which the molyb- 
denum is of lower valence than six, and which are intensely blue colored. 
In the present method excess of molybdic acid is added to combine with 
all the phosphoric acid, and that portion of the molybdenum which is thus 
combined is reduced by addition of 1,2,4-aminonaphthol-sulfonic acid, 
with formation of a blue color. The reaction belongs to the class of 
incompletely defined oxidation-reduction reactions discussed in section 
VI, chapter 3, and the prescribed conditions must be accurately followed 
to obtain consistent results. 

b. Reacents. (1) Molybdic acid solution. In a 1-liter volumetric 
flask place 300 ce of water and add gradually 84 cc of concentrated sul- 
furic acid with constant stirring. Cool the mixture. In a 500-cc Erlen- 
meyer flask or beaker dissolve 25 gm of ammonium molybdate in 200 cc 
of water. Rinse the solution into the flask containing the sulfuric acid, 
mix, and dilute to the 1-liter mark. 

(2) Trichloracetic acid, 10 percent solution. 

(3) Stock standard phosphate solution. Dissolve 350.9 mg of pure 
monopotassium phosphate (KH,PO,) in distilled water and make up to 
1 liter. Add 10 cc of chloroform as a preservative and keep in a refrig- 
erator. The solution contains 0.08 mg of phosphorous per cc. 

(4) Dilute working standard solution of phosphate. Pipette 10 cc of 
the stock standard into a 100-cc volumetric flask, add 80 cc of the 10 
percent trichloracetic acid, dilute to the mark with distilled water, and 


’ 


19 Fiske and Subbarow, Journal of Biological Chemistry, 66, 375 (1925). 
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mix. Five cc contains 0.04 mg of inorganic phosphorus, equivalent in the 
analysis to 4 mg of inorganic phosphorus per 100 cc of plasma. 

(5) Aminonaphthol-sulfonic acid solution. Dissolve 30 gm of sodium 
bisulfite (NaHSO,) and 1 gm of crystalline sodium sulfite (Na,SO,. 
7H,O), or 0.5 gm of anhydrous sodium sulfite, in 200 ce of distilled 
water. Add 0.5 gm of purified 1, 2, 4-aminonaphthol-sulfonic acid, and 
stir thoroughly. Store in a dark glass bottle. The reagent should be 
prepared fresh once a month. The sediment that forms settles to the 
bottom and need not be filtered out if care is taken not to stir it up when 
pipetting out portions for analyses. 


c. Procepure. (1) Removal of proteins. (a) Either serum or 
plasma may be used. There must be no hemolysis, because the cells con- 
tain large amounts of organic phosphates which readily hydrolyse with 
formation of inorganic phosphate. Serum is preferable to plasma because 

.there is usually less danger of hemolysis in the separation of serum from 
‘the cells. 

(6) Measure 8 cc of the 10 percent trichloracetic acid solution into a 

25-cc Erlenmeyer flask. While the flask is gently rotated, run in from a 
: pipette 2 cc of serum or plasma. Close the flask with a rubber stopper 
‘and shake vigorously a few times. Filter at once through an ashless filter 

paper, such as Whatman No. 42 (equivalent to supply item No. 4364000). 


(2) Development of color.. Transfer 5 cc of the filtrate to a 10-cc vol- 
umetric flask, or, if such a flask is not available, to a test tube marked 
to contain 10 cc. Into a similar flask or tube measure 5 cc of the working 
standard solution. To each flask or tube add 1 cc of the molybdic acid 
solution and 0.4 cc of the aminonaphthol-sulfonic acid solution. Dilute 
to 10 cc with water, mix thoroughly, and let stand 10 minutes for the 
color to develop.. 


(3) Colorimetric measurement. Compare the unknown and the stand- 
ard. Calculate: 


Mg inorganic P per 100 cc serum=4X 7 


(4) Photometric measurement. Use light of wave length 660 millimi- 
tcrons. Set the zero point with a blank solution prepared in the same way 
as the unknown, except that 2 cc of water replaces the 2 cc of serum. 
Calculate: 

Ds 


Mg inorganic P per 100 cc serum=4X 


Dy is the optical density of the unknown (serum) and D, the density of 
‘the standard. 
With a given set of reagents the development of color is regular enough 


to permit one to calculate a k value (4+ Ds) from analysis of a stand- 
688862°—46—15 
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ard solution, and to use this k in subsequent analyses with the same re- 
_ agents. The calculation then becomes: 
Mg inorganic P per 100 cc serum=k Ds. 
If the molybdic acid solution or the aminonaphthol-sulfonic acid re- 
agent is changed, the k should be redetermined. 


203. Alkaline and Acid Phosphatase”° 

a. GENERAL. Blood serum contains enzymes called phosphatases which 
hydrolyze glycerophosphate, changing its “organic phosphorus” to “inor- 
ganic phosphorus.” Writing both substrate and product as free acids, 
the reaction caused by the enzyme may be indicated as: C,H,O,. 
H,PO,-+ H,O > C,H,O, + H,;PO,. There are two types of serum 
phosphatase, an “alkaline phosphatase” which acts at pH near 9.3, and 
an “acid phosphatase” which acts near 5. Each type of phosphatase is 
estimated by incubating the serum with glycerophospate for 1 hour in 
the presence of a buffer that gives the necessary pH, and determining the ~ 
amount of inorganic phosphorus (of H,PO,) liberated by the enzyme. 
The liberated H,PO, is estimated as the difference by which H,PO, of 
the incubated mixture exceeds the H,PO, of a control in which action 
of the enzyme is prevented. The control contains the same mixture as 
the incubated sample, but in the control the trichloracetic acid protein 
precipitant is added to the serum before the glycerophosphate, and inac- 
tivates the serum enzymes, so that they do not act on the glycerophos- 
phate added later. In the incubated sample the trichloracetic acid is added 
after the serum and glycerophosphate have been incubated together. 

b. Apparatus. Five or more glass-stoppered, 10-cc graduated meas- 
uring cylinders. 

c. Reacents. The reagents are those used for determination of inor- 
ganic phosphorus (par. 202), and in addition the following: 

(1) Sodium hydroxide, 0.1 N standardized solution. 

(2) Acetic acid, 1.0 N standardized solution. 

(3) Stock buffered glycerophosphate solution. Measure 3 cc of petro- 
leum ether and about 80 cc of distilled water into a 100-cc volumetric 
flask. Add 1 gm of sodium beta-glycerophosphate and 0.85 gm of sodium 
di-ethyl barbiturate (barbital sodium). Dissolve and add distilled water 
to bring the volume of the water solution to 100 cc. Mix. Keep in re- 
frigerator. 

(4) Alkaline glycerophosphate substrate solution. Into a 100-ce vol- 
umetric flask measure 3 ce of petroleum ether, 50 cc of the stock glycero- 
phosphate solution, and 2.8 cc of 0.1 N sodium hydroxide solution. Dilute 
with distilled water to bring the volume of the water solution to 100 cc, 
and mix. The pH should be 10.9, and should be brought to this level 


20 Sinowara, Jones, and Rinehart, Journal of Biological Chemistry, 142, 921 (1942). 


220 


ee eee Se 


if it differs from it by more than 0.1 pH. Keep the solution in a refrig- 
erator. When the solution is mixed with serum in the analysis, the pH 
of the mixture approximates 9.3. 

(5) Acid glycerophosphate substrate. Into a 100-cc volumetric flask 
measure 3 cc of petroleum ether, 50 cc of the stock buffered glycerophos- 
phate solution, and 5 ce of 1.0 N acetic acid solution. Dilute with dis- 
tilled water to bring the water solution to a volume of 100 cc, and mix. 
The pH should be appropriately 5. Keep in refrigerator. 

(6) Trichloracetic acid, 30-percent solution. Dissolve 30 gm of tri- 
chloracetic acid in distilled water and dilute to 100 ce. 

d, PROCEDURE FOR ALKALINE PHosPHATASE. (1) Preparation of in- 
cubated sample. Measure exactly 9 cc of the alkaline glycerophosphate 
substrate solution into a glass-stoppered cylinder. Place the cylinder in 
an incubator or water-bath at 38° C. until the solution reaches 38°. Then, 
from a transfer pipette, add 1 cc of serum, stopper the cylinder, mix, and 
incubate at 38° for exactly 1 hour, measured from the moment when the 
serum was added. At the end of the hour add 2 cc of the 30 percent 
trichloracetic acid; this stops the enzyme action and precipitates the pro- 
teins. Immediately stopper and shake the cylinder, then filter the solu- 
tion through a low-ash filter paper. 

(2) Preparation of control sample. At or near the end of the t-hour 
incubation period measure into a glass-stoppered cylinder 9 cc of the 
alkaline glycerophosphate substrate solution, then 2 cc of the 30 percent 
trichloracetic acid, and mix. After the trichloracetic acid add slowly 1 cc 
of serum, stopper, shake, and filter. 

(3) Development of color in the filtrates of both samples and in the 
standard. Measure 8 cc of each sample filtrate, representing 8/12 of a 
cc of serum, into a 10-cc glass-stoppered graduated cylinder. Into a third 
cylinder measure 3 cc of water and 5 cc of the standard phosphate solu- 
tion, described for the determination of inorganic phosphorus. (See par. 
202.) (The 5 cc of standard solution contains 0.04 mg of phosphorus.) 
Into each of the 3 cylinders measure 1 cc of the molybdic acid reagent 
and 0.4 cc of the aminonaphthol-sulfonic acid reagent, followed by dis- 
tilled water to the 10 cc mark. Mix immediately, and let stand 10 min- 
utes for the color to develop. 

(4) Measurements, colorimetric or photometric. The unknowns are 
compared with the standard exactly as described for inorganic phos- 
phorus. (See par. 202.) 

(5) Calculations. (a) Inorganic phosphorus. The inorganic phos- 
phorus in mg per 100 cc of serum is calculated exactly as in the deter- 
mination of inorganic serum phosphorus (par. 202) except that, in place 
of the factor 4, the factor 6 is here used, because the 8 cc of filtrate used 
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for the analysis in the phosphatase estimation represents only 2/3 of a 
cc of serum. Hence: 


Mg inorganic phosphorus per 100 cc serum = 6 X ee. or 


Du 
=6X ; 


(b) Phosphatase units. One unit is the amount of phosphatase that 
will set free 1 mg of inorganic phosphorus from the glycerophosphate in 
1 hour’s incubation. Hence: 

Phosphatase units per 100 cc serum = P;—P:. 
P,, is the mg of inorganic phosphorus per 100 cc of serum in the incu- 
bated sample, P, the mg of inorganic phosphorus per 100 cc serum in the 
control sample. 

e. PROCEDURE FoR Acip PuHospHatase. Follow the procedure de- 
scribed for alkaline phosphatase in all details except that the acid glycero- 
phosphate substrate solution is used instead of the alkaline glycerophos- 
phate. 

f. Notes. (1) Inhibition of phosphatase activity occurs when the liber- 
ated inorganic phosphorus exceeds 60 mg per 100 cc of serum. When 
such a high value is encountered, dilute the serum or plasma to 2 or 4 
volumes with 0.9 percent sodium chloride solution, and repeat the deter- 
mination. Multiply the result by the dilution factor, 2 or 4. 

(a) If a photometer is used, and the liberated inorganic phosphorus is 
less than 60 mg, the reading may usually be taken without preliminary 
dilution. 


(6) If a colorimeter is used, however, accurate reading requires dilu- 
tion whenever the inorganic phosphorus content of the incubated serum 
exceeds 12 mg per 100 cc. Do not dilute serum to more than 4 volumes, 
however, because the buffer effect. of the serum might thereby be so 
diminished that the mixture of the diluted serum with the acid glycero- 
phosphate solution would be more acid, and with the alkaline glycero- 
phosphate more alkaline, than thé respective pH values of 5 and 9.3 
needed for action of the enzymes. 


(2) Results for alkaline phosphatase by the present method tend to 
be slightly higher than those yielded by the Bodansky method, in which 
the pH of the incubated sample is approximately 8.6, instead of the pres- 
ent ‘Ysa: 


(3) In the determination of either acid or alkaline phosphatase, the 
value obtained for the inorganic phosphorus content of the control sam- 
ple is the inorganic phosphorus of the serum itself. Hence this value can 
be reported along with the phosphatase activity if desired. 
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204. Calcium of Serum?’ 

a. GENERAL. The calcium is precipitated as Ca,(PO,), and the phos- 
phate in the precipitate is determined. Oxalated plasma cannot be used, 
since the calcium is removed by the oxalate. 

b. Reacents. In addition to the reagents required for the inorganic 
phosphorus determinations the following are required : 

(1) Stock standard calcium solution. Prepare a stock solution by dis- 
solving 0.4991 gm of pure calcium carbonate in about 50 ce of 10 percent 
trichloroacetic acid in a 1,000-cc volumetric flask (Iceland spar is pre- 
ferred, if available). Shake well, and when evolution of carbon dioxide 
has ceased, dilute to the mark with 10 percent trichloroacetic acid. 

(2) Dilute working standard calcium solution. Transfer 10 ce of the 
stock solution to a 100-ce volumetric flask, add 70 ce of 10 percent tri- 
chloroacetic acid, and dilute to the mark with distilled water. Five cc 
equals 0.1 mg of calcium. 

(3) Alkaline alcohol wash reagent. In a 100-cc cylinder place 58 cc 
of 95 percent ethyl alcohol, add 10 cc of amyl alcohol, and make up to 
100 ce with distilled water. Add 2 drops of 1 percent phenolphthalein 
and then 5 percent sodium hydroxide, a drop at a time, with repeated 
shaking until a distinct pink is obtained. 

(4) Sodium hydroxide, 25 percent solution. 

(5) Trisodium phosphate, Na;PO,, 5 percent solution. 

c. Procepure. (1) Two cc of serum are precipitated with 8 cc of 
10 percent trichloroacetic acid in the same manner as in the phosphorus 
determination. Where phosphorus and calcium are to be determined on 
the same specimen, sufficient filtrate for both determinations may be ob- 
tained by precipitating 3 cc of serum with 12 cc of trichloroacetic acid. 

(2) To a graduated centrifuge tube, transfer 5 cc of the filtrate and 
to another similar tube transfer 5 cc of the working standard calcium 
solution. The tips of the centrifuge tubes used must be sufficiently nar- 
row so that the external diameter at the 0.l-cc mark does not exceed 
7 millimeters but must not be too finely drawn out. They must be abso- 
lutely clean, and when not in use, should be kept immersed in dichromate- 
sulfuric acid cleaning solution. No reliance should be placed on the 
graduation marks, as they have been found to be inaccurate in many 
tubes, and the 10-cc mark should be checked. If found inaccurate, a new 
mark should be made. To each tube add 1 cc of 25 percent NaOH, 
mix by twirling, and allow to stand for 5 minutes. Then add 1 cc of the 
trisodium phosphate solution, and allow the mixture to stand for 1 hour 
to complete precipitation of the calcium phosphate. 

(3) Centrifugalize for 2 minutes. Decant the supernatant fluid with 
one smooth movement that will not disturb the precipitate. With the 


#1 Roe and Kahn, Journal of Biological Chemistry, 67, 585 (1926). 
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tube still inverted, the mouth is placed upon a clean filter paper and 
allowed to drain several minutes, after which time any remaining fluid 
that may have collected on standing is removed from within the mouth 
of the tube by touching it with a slip of filter paper or with a clean piece 
of gauze. Add from a pipette about 3 cc of alkaline alcohol wash reagent 
in such a manner as to break up the mat of Ca,(PO,), in the bottom of 
the tube. This is done by using a bulb pipette with a fine tip and blow- 
ing forcefully, directing the stream upon the calcium phosphate precipi- 
tate. If the calcium phosphate mat is not broken up completely by this 
procedure, it must be fragmented thoroughly with a clean glass stirring 
rod. The walls of the tube are now washed down with an additional 2 cc 
of the alkaline alcohol wash reagent. The tubes are centrifugalized again 
for 2 minutes, then decanted and drained as above. Wash the precipi- 
tate once more in the same way. 

(4) Redissolve the precipitate in both the standard and unknown tubes 
in 4 cc of 10 percent trichloroacetic acid; add to each tube 1 cc of the 
molybdic acid reagent, that is used in the phosphorus determination (par. 
202), and 0.4 cc of the aminonaphthol-sulfonic acid reagent, also the same 
as that for the phosphorus determination. Dilute to the 10-cc mark with 
distilled water, mix, and allow to stand 10 minutes for the color to 
develop. 

d. CoLOoRIMETRIC MEASUREMENT. The unknown and the working 
standard are compared. 

Calculation: 


. 
Mg Ca per 100 cc serum = 10 KX —. 


S is the reading of the standard, U the reading of the unknown. 

e. PHOTOMETRIC MEASUREMENT. - Prepare a reagent blank as follows: 
To 4 cc of 10 percent trichloroacetic acid add 1 cc of the molybdic acid 
solution and 0.4 cc of the aminonaphthol-sulfonic acid solution. Dilute 
to 10 cc and mix. 

Set the zero of the photometer with distilled water. Wave length 660 
millimicrons. 

With the zero thus set by the water blank, read the optical densities 
of the reagent blank, the standard, and the unknown. 

Calculation: 
Du— Dp 


Mg Ca per 100 cc serum = 10 X 


D,—D 
Dy, is the optical density of the unknown, D, the density of the standard, 
and D, the density of the reagent blank. 

f. Caution. (1) (a) It has been found impossible to obtain reagents 
which are absolutely free of calcium or of other substances that produce 
with the reagents the same color as calcium. Therefore the standard 
solution read in the colorimeter or photometer ‘is prepared, not from a 
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standard phosphate solution, but from the standard calcium solution put 
through all the processes of precipitation, etc., the same as the serum 
sample. In this way the effects of color-producing substances in the re- 
agents are balanced, provided the impurities are not too great, nor the 
difference in calcium content between standard and serum too wide. 

(b) The interfering impurities most likely to be encountered in the 
reagents are calcium and silicate. Silicate forms molybdosilicate com- 
plexes, in which, as in molybdophosphate, the Mo****™ is reduced to a 
lower valence with formation of blue color when treated with amino- 
naphthol-sulfonic acid. Calcium is likely to contaminate the filter papers. 
It is necessary to use acid-washed, “ash-free” quantitative filter paper in 
filtering the plasma protein precipitate. The doubly acid-washed What- 
man No. 42 (equivalent to medical supply item #4364000) is likely to 
be calcium-free. Silicate is likely to get into the 25 percent NaOH solu- 
tion and the 5 percent Na,PO, solution as the result of the solvent effect 
of these alkaline solutions on their glass containers. These solutions 
should be kept in pyrex glass containers, or, still better, in paraffin-coated 
bottles, described as containers for sodium hydroxide in paragraph 133. 
If the solutions are kept in glass bottles it is desirable to use tall ones; 
insoluble silicates detached from the glass settle as a precipitate to the 
bottom, and portions of the supernatant solution can be drawn off clear 
_ for use in analyses. Since some of the silicate is likely to be in solution, 
however, this precaution is no guarantee that silicates will not affect the 
analysis. 

(2) Ifa specimen must be shipped for analysis, the trichloroacetic acid 
filtrate should be sent, not the serum itself. Phosphatase in the serum 
may free inorganic PO, from the organic phosphates, and thereby pre- 
cipitate calcium, so that if the serum were shipped not all the calcium 
might remain in solution. 


205. Carbon Dioxide Capacity of Plasma (Van Slyke and Cullen, 
Journal of Biological Chemistry, 30, 289 (1917) ) 


a. GENERAL. The plasma from oxalated blood is shaken in a separa- 
tory funnel filled with an air mixture whose carbon dioxide tension ap- 
proximates that of normal arterial blood, by which treatment it combines 
with as much carbon dioxide as it is able to hold under normal tension. 
A known quantity of the saturated plasma is then acidified within a suit- 
able pipette, and its carbon dioxide is liberated by the production of a 
partial vacuum. The liberated carbon dioxide is then placed under atmo- 
spheric pressure, its volume accurately measured, and the volume corre- 
sponding to 100 cc of plasma calculated. 

b. REAGENTS AND Apparatus. (1) The apparatus used is illustrated 
in figure 18. It is made of strong glass in order to withstand the weight 
of the mercury without danger of breaking, and is held in a strong clamp, 
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the jaws of which are lined with rubber. In order to prevent accidental | 
slipping of the apparatus from the clamp, an iron rod 6 or 8 millimeters | 
in diameter should be so arranged as to project under the cock f between 

c and d. Three hooks or rings at the levels 1, 2, and 3 serve to hold the 

leveling bulb at different stages of the analysis. The bulb is connected 

with the bottom of the apparatus by a heavy-walled rubber tube. 


Position 


/‘mm bore 


Position 3 : 
is 80 cm. below : 
Position2 


Figure 18. Van Slyke apparatus for determination of carbon dioxide in blood, 
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(2) It is necessary that both stopcocks be properly greased and abso- 
lutely airtight; and it is also essential that they (especially f) should be 
held in place so that they cannot be forced out by pressure of the mer- 
tury. Rubber bands may be used for this purpose, but it has been found 
that fine wire springs, applied in the same manner as the rubber bands, 
are stronger and more durable. 

(3) Before the apparatus has been used, or whenever air has been 
admitted to it, as in renewing mercury or through leaks, the rubber tub- 
ing, and even the glass walls may retain a considerable amount of gases 
which must be evacuated before use. To test the apparatus for tightness 
and freedom from gases, raise the leveling bulb and completely fill the 
apparatus with mercury. The bulb is then lowered to position 3, so that 
a Torricellian vacuum is obtained, the mercury falling to about the middle 
of d; the bulb is then raised again. If the apparatus is tight and gas-free, 
the mercury will refill it completely and will strike the upper cock with a 
sharp click. If there is any gas in the apparatus, it will act as a cushion; 
che click will not be heard and a bubble will remain above the mercury. 
In this case expel the collected gas through cock e, and repeat the pro- 
cedure until all the gas has been evacuated. After the apparatus has been 
freed from gases, it can be used repeatedly and indefinitely without fur- 
ther trouble from this source, if no air is"admitted and there is no leak. 
It is always desirable, however, before making the first determination of 
a series, to test the apparatus as described above. 

(4) After each analysis the apparatus may be used immediately 
for another determination; the slight amount of carbon dioxide of the 
old solution that remains on the inner surface of the pipette is negli- 
gible. When a series of analyses is finished, the pipette is rinsed several 
times with water, and is left completely filled with water. If the appa- 
ratus is used only occasionally, it is well to lower the mercury below the 
lower cock, clean both cocks, and place a strip of filter paper between 
the stopper and the shell of each cock, to insure that the cock will not 
“freeze” while standing. 


c. Procepure. (1) Drawing blood and obtaining plasma. (a) It is 
essential that the blood be collected with minimal gain or loss of carbon 
dioxide, as increase of CO, in the whole blood causes interchange of Cl 
and HCO, ions between cells and plasma in such a way that the CO, 
capacity of the plasma is increased, while loss of CO, from the whole 
blood decreases the plasma CO, capacity. Consequently accumulation of 
CO, in the tapped vein is avoided by using a tourniquet, either not at all, 
or for as short a time as possible. When stasis is used, the ligature is 
released as soon as the vein is entered, and a few seconds time is allowed 
for the stagnant blood to flow out of the vein before the main portion of 
the blood sample is drawn. It is equally necessary to avoid loss of CO, 
from the whole blood in vitro before centrifugation. During the transfer 
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of the blood sample from the syringe to the centrifuge tube the tip of the 
syringe needle is placed near the bottom of the centrifuge tube. so that 
the blood does not fall through the air. The centrifuge tube should con- 
tain not less than 1 nor more than 2 mg of oxalate for each cc of blood. 
The blood is stirred with a rod the least amount necessary to dissolve 
the oxalate ; unnecessary stirring is avoided in order to avoid loss of CO, 
from the blood. The tube with the blood must not be shaken or inverted. 

(b) Centrifugation is begun as quickly as possible, at most not longer 
than 4 hour after the blood is drawn. 

(c) The clear plasma is pipetted off, and is either transferred directly 
to a separatory funnel (fig. 19) for continuation of the analysis, or is 
stored in a small paraffin-lined test tube for later analysis. In such a 
tube, stoppered and kept in a refrigerator, the alkali reserve of the plasma 
will remain unchanged for a week. If the plasma is left in contact with 
ordinary glass for a few hours enough alkali may dissolve from the 
glass to increase measurably the CO, capacity. 

(2) Saturation of plasma with alveolar carbon dioxide. Transfer to 
the 300-cc separatory funnel shown in figure 19, 3 or 4 cc of the plasma, 
connect the funnel with the bottle of glass beads (fig. 19), and replace 
the air in the funnel with alveolar air from the lungs of the analyst. For 
this purpose, the analyst, without inspiring more deeply than normal, 
expires as quickly and completely as possible through the bottle of glass 
beads and the separatory funnel, while they are connected as shown in 
figure 19. Passage first over the glass beads serves to condense on them 
excess moisture from the breath; otherwise it would condense on the 
walls of the funnel and measurably dilute the plasma. 


=D 


Figure 19. Apparatus for saturating plasma with carbon dioxide. 


(3) Determination of carbon dioxide. (a) Before beginning a deter- 
mination the apparatus is rinsed and, if necessary, freed of adherent gases, 
as described in b above. The chamber of the £ Lentils and the 2 capil- 
laries above cock e are filled with mercury. 

(6) A drop of caprylic alcohol is placed in the empty cup, and is 
drawn down into the capillary, but not so far as to leave an air space 
in the capillary below the cup. Then 1 cc of water is placed in the cup, 
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and 1 ce of plasma is run slowly under the water, with care to deposit 
the plasma in a layer below the water, and not to mix the two fluids. The 
plasma is then slowly admitted to the chamber, followed by the 1 cc of 
water, which washes with it the portions of plasma adherent to the wall 
of the cup. 

(c) Finally about 1 cc of the 1N sulfuric acid is placed in the cup, 
and enough is admitted into the chamber to make the total aqueous fluid 
there reach exactly to the 2.5-cc mark. During admission of these fluids 
no air must be admitted into the chamber. 

(d) After the acid has been admitted, close cock e and place several 
drops of mercury in the cup under the acid that remains there. Let a 
little of the mercury run through the cock in order to seal the latter and 
make it hold a complete vacuum. Leave enough mercury above the cock 
to fill the capillary. Whatever sulfuric acid solution remains in the cup 
is removed, most conveniently by suction. 

(e) If the amount of plasma available is small, a little more than 0.5 
cc is saturated with carbon dioxide in a 50-cc funnel, and exactly 0.5 cc 
used for the determination. In this case the quantities of water and acid 
used to wash the plasma into the apparatus are halved, so that the total 
volume of water solution introduced is only 1.25 ce and the observed 
volume of gas is multiplied by 2 before proceeding with the calculation. 

(f) The mercury bulb is now lowered and hung at position 3 and the 
mercury in the pipette allowed to run down to the 50-cc mark, producing 
a Torricellian vacuum in the apparatus. When the mercury meniscus has 
fallen to the 50-cc mark, the lower cock f is closed, the leveling bulb is 
replaced in position 2, and the pipette removed from the stand. Equi- 
librium of the carbon dioxide between the 2.5 cc of water solution and 
the 47.5 cc of free space is obtained by turning the pipette upside down 
15 or more times, thus thoroughly agitating the contents. The pipette is 
then replaced in the clamp and the leveling bulb is lowered again to 
position 3, 

(g) By opening the cock f, the water solution is allowed to flow from 
the pipette completely into the chamber d without, however, allowing any 
of the’ gas to follow it. The leveling bulb is then raised in the left hand, 
while with the right the cock f is turned so as to connect the pipette 
with c. The mercury flowing in from c fills the body of the pipette and 
as much of the calibrated stem at the top as is not occupied by the gas 
extracted from the solution. A few hundredths of a cubic centimeter of 
water, which could not be completely drained into d, floats on top of the 
mercury in the pipette; the error caused by the reabsorption of carbon 
dioxide into this small volume of water is negligible if the reading is made 
at once. The mercury bulb is held at such a level that the gas in the 
pipette is under atmospheric pressure, that is, level with the top of the 
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mercury column in the pipette stem, and the volume of gas is read on the 
scale. 

(h) In order to have the column of mercury and water solution in the 
pipette exactly balanced by the mercury outside, the surface of the mer-_ 
cury in the leveling bulb should be raised until it is level with the mer- 
cury meniscus in the pipette and then, for entire accuracy, raised above” 
the latter meniscus by a distance equal to one-thirteenth of the height — 
of the column of water above the mercury in the pipette. As the water 
column should never be more than 10 millimeters high, the correction 
that has to be estimated is less than 1 millimeter of mercury, not enough 
to influence results appreciably. 

d. CatcuLaTion. (1) Multiply the observed volume of gas by the 
mm barometric pressure 


760 
(2) Note in the first or sixth column (table XVII), the number that is— 


nearest to the product thus obtained. 

(3) In the row of figures to the right of that number note the figure 
that is under the temperature value nearest to the room temperature at 
which the analysis was done. The figure thus noted is the answer, in | 
terms of bicarbonate CO,, or the CO, capacity. 

Example: The volume of gas measured is 0.71 cc. The temperature 

750 : 
is 22°, the barometer 750. Multiply 0.71 a5 and obtain 0.70. Oppo-_ 
60 
posite 0.70 in the table, in the column under 20°, read the result, 57.6 
volumes percent of CO,. | 

Table XVII is computed with corrections for temperature effect on 
gas volume, for physically dissolved CO, and air, and for CO, solubility. 
The CO, capacity obtained after making these corrections is practically 
the bicarbonate CO,. About 0.2 percent of the plasma CO, is in the — 
form of CO,~, and a slight amount is bound to the plasma proteins as 
carbamate, but these amounts are negligible compared with HCO,~. 


fraction, 


206. Carbon Monoxide in Blood (Van Slyke and Salvesen, J. Biol. 
Chem., 40, 103 (1919) modified by Van Slyke and Plazin (Peters 
and Van Slyke, Quantitative Clinical Chemistry, Methods, 1943 
Edition, p. 261) ) 

“a. GENERAL. (1) The analysis is carried out with the same apparatus 
used for plasma CO, capacity (par. 205), and employs 3-cc samples of 
blood. The determination requires about 10 minutes. The reagent’s last 
indefinitely as prepared, and can therefore be kept ready for emergency 
analyses. 

(2) Blood containing CO contains also CO,, O,, and-N, gases. The 
object of the analysis is to get the CO, in gas form, separated from the 
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) other three gases and measure it. The O, is removed at the start by 

- it with hydrosulfite. The N, is then extracted from the blood 
and ejected from the apparatus. The CO and CO, remaining in the blood 
solution are then set free by acid ferricyanide, which dissociates the 
HbCO into methemoglobin and free CO. From the mixture of CO and 
CO, gases, the CO, is absorbed by a few drops of NaOH solution, and 
the remaining CO gas is measured. 

i b. Apparatus. (1) The apparatus is shown in figure 18. The han- 
dling and cleaning of the apparatus are described in paragraph 205. Be- 
fore using the apparatus for carbon monoxide determination it is impor- 
tant to test it for tightness, as described in paragraph 205. 

(2) In addition to the gas apparatus, a glass spoon is used for meas- 
uring 30 to 40 mg of sodium hydrosulfite powder. A glass tube of 4-mm 
bore and about 15 cm long is melted together near one end and is bent 
at a right angle at the melted point. The short end is cut off to form a 
cup 3 to 4 mm deep, to which the rest of the tube serves as handle. After 
once weighing 35 mg of hydrosulfite into the cup one can subsequently 
measure the amount by eye within + 5 mg. 

c. REAGENTS. (1) Caprylic alcohol, to prevent foaming. 

(2) Sodium hydrosulfite (also yates hyposulfite) (Na,S,O,) pow- 
dered. 

(3) Saponin = borate solution. Dissolve 3 gm of borax (Na,B,O,. 
10H,O) and 1 gm of saponin in 100 cc of water. The saponin serves 
to dissolve the red blood cells and make them accessible to the reagents. 
The borax provides the alkalinity necessary to prevent loss of carbon 
monoxide from the HbCO during preliminary extraction of the N, gas 
from the blood. 

(4) Potassium ferricyanide solution. Dissolve 32 gm of K,Fe(CN), 
in warm water and dilute to 100 cc. 

(5) Acetate buffer of pH approximately 6. Dissolve 75 gm of sodium 
acetate (NaC,H,O,.3H,O) in 100 cc of water. To the solution add 
15 cc of glacial acetic acid. 

(6) Sodium hydroxide solution, 1 N (approximate). 

d. Procepure. (1) Begin the analysis with the chamber of the appa- 
ratus (fig. 18) and the two capillaries above cock e full of mercury. The 
leveling bulb is in position 2, as shown in figure 18, and remains in this 
position throughout the analysis, except when momentarily lowered or 
raised. 

(2) Drop 4 drops of caprylic alcohol into the cup of the apparatus, and 
run the alcohol down into the chamber until only enough remains above 
the latter to fill the capillary at the bottom of the cup. When admitting 
liquids into the chamber leave cock e open to the cup, and regulate the 
flow with cock f at the bottom of the chamber. 


231 


(3) Pipette 3 cc of blood into the cup, and run the blood down into 
the chamber, slowly to obtain good drainage, again leaving enough of the 
fluid above the chamber to fill the capillary below the cup. 

(4) Fill the cup to its 5-cc mark with the saponin-borate solution. 

(5) From the glass spoon drop 30 to 40 mg of pulverized Na,S,O, 
into the saponin-borate solution in the cup, and dissolve the hydrosulfite 
quickly by stirring a few times with a slender rod. The stirring also 
detaches from the wall of the cup the film of blood left after running the 
main part of the blood sample into the chamber. At once, before air 
can oxidize the hydrosulfite, run the solution into the chamber, again 
leaving enough above the cock to fill the capillary. A drop of mercury 
is placed in the cup and used to fill the capillary bore of cock e, and the 
cock is closed. 

(6) To extract the N, gas from the blood solution, the leveling bulb 
is lowered for a moment to position 3, and mercury is withdrawn from 
the chamber, leaving in the chamber all the blood solution and an evacu- 
ated, gas-free space above the solution. Cock f at the bottom of the appa- 
ratus is closed, and the leveling bulb is returned to position 2. Remove 
the chamber from the clamp. Hold the upper part in the left hand, and 
with the right hand give the lower part a rapid back-and-forth motion 
causing the blood to rotate about the side wall of the chamber. Continue 
the rotation for 2 minutes by the watch, to extract all the N, gas from 
the solution. The cock at the bottom is then turned to permit mercury 
to return to the chamber, and the leveling bulb is raised to position 1. 

(7) The bubble of N, is ejected from the chamber. To do this leave 
the leveling bulb high in position 1, close the lower cock of the apparatus 
and open the upper cock. Then slowly reopen the lower cock and admit 
mercury through it into the chamber until the bubble at the top is ejected. 
Just enough solution to fill the capillary below cup b is permitted to flow 
up after the bubble. 

(8) The carbon monoxide gas is now set free from the HbCO by the 
action of acid ferricyanide. Into cup b measure 1.5 cc of the 32 percent 
ferricyanide solution and 0.5 cc of the acetate buffer solution. The solu- 
tions are mixed with a rod, and 1.5 cc of the mixture is drawn down into 
the chamber. The acid ferricyanide dissociates the HbCO into methemo- 
globin and free CO. Cock e is closed and sealed with mercury, the mer- 
cury in the chamber is again withdrawn from the bottom, and the blood 
is again whirled about the walls of the chamber as in the extraction of 
the N,. The CO and most of the CO, of the blood pass out of the liquid 
phase into the gas space in the chamber. 

(9) After the 2-minute extraction is completed, the leveling bulb is 
lowered to position 3, and as nearly as possible all of the blood solution 
but none of the gas is drawn into the bulb d below the chamber. Then 
the leveling bulb is returned to medium position 2, and mercury is re- 
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admitted into the chamber, this time through tube c, leaving the blood 
solution trapped in the bulb below the chamber. The chamber is left 
connected with tube c. 

(10) From the bubble of mixed CO and CO,, that collects above the 
mercury at the top of the chamber, the CO, is now absorbed with the 
1 N sodium hydroxide solution. About 1 cc of the 1 N NaOH is placed 
in cup }, and a drop at a time is permitted to flow down the side of the 
graduated tube at the top of the chamber, As the alkali solution enters, 
the bubble contracts because of absorption of its CO,. After admission 
of a few drops of alkali no more contraction occurs, and absorption of 
CO, is complete. If, during admission of the alkali, it should run down 
the graduated tube in a solid column instead of trickling down the side, 
drop a little mercury into cup b and let it run in minute droplets through 
the cock into the chamber. The mercury will break the column of the 
solution, and cause absorption of the CO,. About 0.1 cc of the NaOH 
solution suffices to absorb all the CO,.- When absorption is complete a 
little mercury is run through cock e to detach the droplet of alkali solu- 
tion that adheres below the cock. The bore of the cock is left full of 
mercury: 

(11) The CO bubble is now measured. Leaving the chamber con- 
nected with tube c, the leveling bulb is raised from position 2 until the 
mercury surface in the bulb is above the mercury surface in the chamber 
by a height equal to one-thirteenth the height of the small column of alkali 
solution over the mercury in the chamber. In this manner the column 
of solution is balanced, and the gas in the chamber is put under atmo- 
spheric pressure. The height by which the mercury surface in the bulb 
should be held above that in the chamber can be estimated with sufficient 
accuracy by the eye, as it is only 2 or 3 mm. 

(12) The room temperature near the apparatus is taken, and if an 
exact result is desired the barometer is read. 

(13) To clean the apparatus after an analysis let 2 or 3 cc of the 1 N 
sodium hydroxide solution mix with the blood solution in the chamber ; 
this dissolves clots of methemoglobin that have formed from the action 
of the acid ferricyanide. The dark, alkaline blood solution is ejected 
from the chamber, and the chamber and the bulb beneath it are rinsed 
with water until all the colored material is removed. If clots of methemo- 
globin still adhere to the walls, they can be dissolved in water to which 
a little sodium hydrosulfite and a few drops of 1 N NaOH are added. 

e. CALCULATION. From the observed gas volume, 0.025 cc is sub- 
tracted to correct for that volume of air introduced with the ferricyanide 
solution and measured with the CO gas. The remaining gas volume 
(CO) is reduced to the volume it would occupy at 0°, 760 millimeter 
pressure, and is multiplied by 33.3 and the factor F to obtain, from the ob- 
served CO volume extracted from 3 cc of blood, the volume, reduced to 
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Table XVII. Table for calculation of carbon dioxide combining power of plasma 
(Van Slyke and Cullen) 


Observed | Cc of COz reduced to 0° C., 760 mm, Observed | Cc of CO2 reduced to 0° C., 760mm, 


volume bound as bicarbonate by 100 cc of volume bound as bicarbonate by 100 cc of 
plasma gas plasma 
x— 
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standard conditions, contained in 100 cc, or the “volumes percent” of the | 
gas in the blood. 
Volumes per cent CO in blood = 33.3 (V — 0.025) X F. 

V is the volume of gas in cc measured after abosorption of the CO,, and 
F is the factor from table XVIII for reducing gas volume to those occu- 
pied at 0°, 760 mm. | 

f. Precautions. Since the CO gas is measured as the residual gas 
left after removal of all other gases, any air leaking into the apparatus | 
during the analysis would be measured as CO. Hence it is important to _ 
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Table XVIII. Factor F for reducing volume of moist gas at atmospheric pressure and 
temperature to volume occupied by dry gas at 0°C. and 760-mm pressure 


Observed barometer reading, uncorrected for 


Temperature at which volume of moist temperature 
gas is measured 
700 | 720 | 740 760 780 
Factors 


note the remarks in paragraph 205 b on “testing the apparatus for tight- 
ness and freedom from gases.” 


207. Copper Sulfate Gravity Method for Plasma or Serum 


Protein, Blood Hemoglobin, and Hematocrit (Phillips, 
Van Slyke, Dole, Emerson, Hamilton and Archibald. BuMed News 


Letter, June (1943) and in Bull. U. S. Army Med. Dept., 71, 66 
(1943) ) 

a. GENERAL. (1) Drops of blood or plasma are delivered from a 
syringe needle, medicine dropper, or glass capillary into copper sulfate 
solutions of known specific gravity. Each drop, on entering the solution 
becomes encased in a sack of precipitated copper proteinate, and remains 
as a discrete drop without change of gravity for 15 or 20 seconds, during 
which its rise or fall reveals its gravity relative to that of the solution. 
The size of the drop is not a factor. No temperature corrections are 
needed because the temperature coefficients of expansion of the copper 
sulfate solutions are almost exactly the same as those of blood or plasma 
of equal specific gravity. The copper sulfate solution cleans itself after 
each determination because, within a minute or two after the test, the 


material of the drop settles to the bottom as a precipitate. The standard 
688862°—46—16 
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copper sulfate solutions are prepared by dilution from a stock solution 
that has, at 25° C., 1.1000 times the density of water at that tempera- 
ture. This stock solution may either be prepared by weight from pure 
CuSO,.5H,O, or by dilution from a saturated solution. 

(2) From the specific gravity of plasma or serum the protein concen- 
tration can be estimated with an accuracy that is usually within 0.3 gm 
per 100 cc. From the difference between whole blood gravity and plasma 
gravity, the hemoglobin can be calculated, usually within an accuracy 
of 0.3 gm per 100 cc of blood, and the hematocrit can be estimated. From 
the specific gravity of whole blood alone a somewhat less precise but 
usually reliable estimate of the hemoglobin can be made. The calcula- 
tions are made by a line-chart. Blood and plasma gravities can be meas- 
ured, and the hemoglobin, hematocrit, and plasma proteins calculated, in 
about two minutes. 

(3) For precise work, namely, gravities accurate within + 0.0002, a 
“laboratory set’? of 60 copper sulfate solutions graded at intervals of 
0.001 in specific gravity is used; 20 solutions cover the plasma range, 
1.016-1.035, and 40 cover the range for whole blood, 1.036-1.075. For 
rougher work, with gravities accurate to + 0.001, a “field set” of 16 solu- 
tions with gravities at intervals of 0.004 suffices to cover the entire range 
of blood and plasma. Approximate field determinations of whole blood 
gravities can be done with a pocket set of 6 solutions. 

(4) If it is necessary only to find whether the specific gravity of blood 
is above or below a given level, as in examination of blood donors, a single 
copper sulfate solution suffices. 

b. Apparatus. (1) Bottles or tubes for standard copper sulfate solu- 
tions. One or more of the following sets will be needed: 

(a) Laboratory set for 100-cc standards covering the range of blood 
and plasma. Sixty cylindrical “prescription bottles” of about 120-cc 
(4 ounces) capacity cover the range of both blood and plasma, 1.075- 
1.016. The stoppers may be, in the order of preference, first screw-cap, 
then rubber, cork, or glass. The 100-cc of copper sulfate solution held 
by each of these bottles can receive 100 drops of blood or plasma before 
the solution must be renewed. 

(b) Portable laboratory set covering same range. Sixty 30-ce (1 
ounce) bottles can be packed in a space 10 inches square and 4 inches 
deep. The 25-cc portions of solution held by these bottles suffice for 
analyses of 25 bloods and their plasmas. 

For ward use it may be convenient to use a set of standards in small 
test tubes or vials, such as Kahn antigen test-tubes, with 5 cc of copper 
sulfate solution in each tube. Each tube can be used for 5 drops of 
plasma or blood. After such a set has been used, all solutions that have 
received any blood or plasma are replaced by fresh solution before the 
set is used again. When standing with solutions in them, these tubes 
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must be stoppered to ptevent change of gravity by evaporation, which 
would affect the small volumes in the tubes more rapidly than the larger 
volumes in bottles. 

(c) Field set for approximate analyses covering range of whole blood 
and plasma. This includes 16 screw-cap bottles to hold solutions cov- 
ering the range 1.016-1.074 at intervals of 0.004. It serves for gravities 
accurate within + 0.001. The bottles may be 30, 60, or 120 cc capacity, 
according to the number of bloods to be analyzed, and to the space and 
weight desirable for the set. 

(d) Pocket field set for whole blood. This consists of six 30-ce screw- 
cap bottles to hold solutions of gravities 1.040, 1.046, 1.052, 1.064, 1.070. 
It serves to estimate whole blood gravities within + 0.002. 

(2) Apparatus for preparing stock copper sulfate solution of gravity 
1.100 from weighed portions of 170 or 42.5 grams of CuSO, 5H,O. (a) 
For the 170 gram portions, a 1-liter volumetric flask, a 10-cc graduated 
pipette, and a stoppered bottle capable of holding somewhat more than the 
volume of the stock solution (one or more liters) to be prepared. 

(b) For the 42.5 gm portions, a 250-cc volumetric flask, a 5-cc gradu- 
ated pipette, and a stoppered bottle of 300 cc or more capacity. 

(3) Apparatus for preparing a saturated copper sulfate solution and 
therefrom the stock solution. 

(a) Three 4-liter bottles. 
(b) One 1-liter volumetric flask. 
(c) One 500-cce graduated cylinder. 


(d) One glass funnel, 18 to 20 cm (7-8 inches) diameter. 
(e) Cotton, or a loose texture filter paper, preferably folded, to fit the funnel. 


(f) A precision thermometer, Centigrade or Fahrenheit, for liquids 
at room temperature. 

(4) Apparatus for preparing standard solutions from the stock solu- 
tions. To make standard solutions of 100° cc volume, a 100-cc burette 
and a 100-cc volumetric flask are required. If the standard solutions are 
to be made in 50 or 25 cc portions, the flask and burette are of 50 or 25 
cc capacity. 

(5) Apparatus for drawing and preparing blood. (a) For venous 
blood. 

Glass syringes, 5 or 10 cc capacity. 

Hypodermic needles, No. 20. 

Rubber tourniquet. 

Medicine droppers. 

Centrifuge (can be omitted if only whole blood is to be tested, 
or if one can wait for blood to clot or sediment till a few 
drops of serum or plasma can be obtained). 

6. Oxalated test tubes or centrifuge tubes. Test-tubes of heavy- 

walled pyrex glass of about 10 cc capacity (125 by 16 mm) 
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are somewhat more convenient than 15 cc centrifuge tubes. 
The tubes are prepared in advance for 5-cc portions of blood 
by pipetting into each tube 0.25 cc of Heller and Paul’s 
oxalate solution. (See c below.) The solution is spread 
in a film over the lower half of the tube, and is dried in an 
incubator, or in air warmed to not over 60° C. or in a 
vacuum desiccator. Each tube, thus charged with 5 mg of 
oxalate, is marked on the outside to hold 5 cc. 

(b) For capillary blood. 

1. Sterile lancets. 

2. Glass capillary tubes to collect blood. “Vaccine” capillary 
tubes, of about 1-mm bore, with rubber bulbs to expel drops 
of blood, are convenient. The tubes may be 70 or 80 milli- 
meters long if only one drop of blood is to be used, as in 
examining blood donors, but should be about 150 millimeters 
long if 3 or 4 drops are to be used, for an approximate hemo- 
globin estimation. The bores of the tubes must be absolutely 
clean, or blood will not be drawn into them by capillary 
attraction. To clean the tubes cover them in a long test tube 
with chromic acid cleaning mixture for 1 hour or more. 
Then wash them many times with distilled water, and dry 
them in an oven. The rubber bulbs mentioned are not en- 
tirely necessary, as pressure of the breath can be used to 
expel a drop of blood from a capillary tube. 

c. Reacents. (1) Heller and Paul's oxalate mixture. Dissolve 3 gm 
ammonium oxalate and 2 gm potassium oxalate in 250 cc of distilled 
water to make a solution containing 20 mg of the mixed oxalate per cc. 

(2) Crystalline copper sulfate (CuSO,.5H,O). (a) This is prefer- 
ably purchased in the form of “fine crystals.” Otherwise it must be pul- 
verized before using. Two kilograms, or 4 pounds, will probably suffice 
an active laboratory for a year. 

(6) For preparation of solutions by weight the sulfate must be the 
exact composition, CuSO,.5H,O, with theoretical H,O content. The 
H,O is determined by heating 2 or 3 grams of the sulfate in open pyrex 
weighing bottles at 300° to 350° C. until the weight is constant, which 
requires 2 or 3 hours. The loss in weight should be 36.06 + 0.2 per- 
cent. Crystals of “U.S.P.” sulfate do not usually meet this requirement. 
“Analytical reagent” grade usually has the correct composition. 

(c) For preparation of saturated solutions, copper sulfate crystals of 
commercial or U.S.P. grade are sufficiently pure. 

(3) Copper sulfate, saturated solution. (a) Precision of saturation 
technic. If water is saturated with copper sulfate at a known tempera- 
ture the concentration of the solution can be defined with an accuracy 
which depends on the temperature control. One degree Centigrade rise 
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in temperature increases the solubility about 2 percent. If, as directed 
below, the temperature of saturation is measured to the nearest 0.5° C., 
that is to within + 0.25° of the exact temperature, the concentration of 
the saturated solution is exact enough to provide standards for plasma 
gravities accurate within + 0.0002 and whole blood gravities within 
+ 0.0003, which are about the limits of accuracy of the blood and plasma 
gravity observations. 

(b) Preparation of saturated solution. The procedure described below 
provides enough saturated solution to yield more than 4 liters of the 
stock solution of gravity 1.100, and thence a set of 60 standard solutions 
of 100 cc each, with enough surplus to provide replacements for the 
standard solutions which are most used. Smaller or larger amounts of 
the saturated solution can be prepared by using proportional amounts of 
copper sulfate and water. 


1. Before starting be prepared to carry the preparation through 
both the saturated solution and the stock solution stages. It 
is desirable to have an assistant. Make sure that the neces- 
sary apparatus (three 4-liter bottles, etc., listed above under 
“Apparatus (3)”) is at hand, clean, and dry. Insert into 
one of the 4-liter bottles the glass funnel, provided with a 
wad of cotton, or with a dry, rapidly filtering paper large 
enough to fill the funnel. Have ready 4 or 5 liters of dis- 
tilled water or rain water at room temperature. 

2. Place 4 pounds (about 1,800 grams) of CuSO,.5H,O in the 
form of “fine crystals,” or of a powder fine enough to go 
through a 20-mesh sieve, in one of the 4-liter bottles. Meas- 
ure into the bottle 2,500 cc of distilled water or rain water 
at room temperature. Stopper the bottle and shake vigor-: 
ously by repeated inversion, so that the crystals are forced 
rapidly from one end of the bottle to the other. Continue 
shaking for 5 minutes by the watch. At the first sign of 
tiring, pass the bottle to the assistant to carry on the shaking. 
As soon as the 5-minute shaking is finished, set the bottle 
down, immediately insert the thermometer into the solution, 
and record its temperature to the nearest half-degree Centi- 
grade or degree Fahrenheit. Then at once decant the solu- 
tion from the bottle into the prepared funnel, leaving the bulk 
of the crystals behind in the bottle. Complete the filtration 
as quickly as possible, keeping the funnel filled with the solu- 
tion until all of the liquid above the crystals has been emp- 

- tied out of the saturation bottle. 

3. The saturated solution is at once used to prepare the stock 
solution. 

(c) Points in preparing the saturated solution. ~ 
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1. If saturation is to be attained in 5 minutes the copper suifate 


must be finely divided, either in the form sold as “fine crys- 
tals,’ smaller than grains of wheat, or else pulverized fine 
enough to pass through a 20-mesh sieve. 


2. To attain the saturation in 5 minutes it is also necessary that 


a sufficient excess of the crystals be present. Four pounds 
(1,800 gm) of CuSO,.5H,O to 2.5 liters of water provides 
this excess; less than this amount may not suffice to produce 
complete saturation in 5 minutes, even though some of the 
crystals remain undissolved. 


3. The temperature of the saturated solution must be taken at the 


moment the saturation is completed. Immediately at the 
end of the 5-minute shaking period, insert a thermometer 
bulb into the solution and hold it there until the mercury 
thread stops moving (20-30 seconds), then record the tem- 
perature. The process of dissolving the sulfate cools the 
solution to about 3° C. below the temperature that the water 
had before it was poured upon the crystals. It is at this 
lower temperature, possessed by the mixture at the end of 
the saturation process, that the solution is saturated. Table 
XX is based on the temperature of the supernatant solution 
taken immediately at the end of the 5-minute shaking, and 
not on its temperature even a minute or two later, and par- 
ticularly not after the solution has been decanted, nor subse- 
gently after filtration. By the time the solution has been 
filtered it will usually be back at room temperature, and an 
error would be caused if this were recorded as the temper- 
ature of saturation. For example, of a solution saturated 
at 20° (end of 5-minute shaking) table XX indicates that 
489 cc are required to contain the 159.5 gm of CuSO,.5H,O 
to make 1 liter of the stock solution. If the temperature of 
the saturation were erroneously recorded as 23°, one would, 
following the table, take only 466 cc to prepare a liter of 
the stock solution, and its gravity would be 1.0953 instead 
of 1.1000. 


(4) Stock copper sulfate solution of gravity. D,; = 1.1000. 
(a) Composition of solution, and choice of procedures for its prepara- 


tion. 
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1. The stock solution can be prepared in three ways: By dis- 


solving 159.5 gm of pure crystals of CuSO,.5H,O in water 
and making up to 1 liter at 25°; by mixing a weighed amount 
of crystals with a measured volume of water, sufficient to 
provide 5.897 gm of water for each gm of crystals; and by 
saturating water with the crystals at a known temperature 


and diluting a measured volume of the saturated solution to 
a liter. 


2. For preparation from weighed amounts of crystals procedure 


2 is usually more convenient than procedure 1, because pro- 
cedure 2 permits one to prepare in one operation any amount 
of the solution desired, directly in its permanent container, 
and to make easily very exact allowance for temperature 
effects on the volume of water. If weighed portions of pure 
CuSO,.5H,O are available, their use in this manner is sim- 
pler also than the saturation technic of procedure 3. 


3. On the other hand, the saturated solution used in procedure 3 


has the advantages that it can be prepared without either 
accurately weighed or highly purified crystals; the crystal 
water content need not be exact, and roughly estimated 
amounts of commercial or U.S.P. crystals can be used to 
make the saturated solution ; hence the saturation technic en- 
ables one to apply the method to blood analyses with minimal 
equipment wherever copper sulfate is obtainable. 


Note. Procedures 2 and 3 are accordingly detailed below. 
(b) Preparation of stock solution from weighed portions of pure 


Table XIX. Volume of water to add to weighed amount of CuSOs.5H2O to prepare stock 
solution of gravity 1.1000 


Temperate of wate ccofemusesatigm | sohnaigoanso a 
“ae 5 oF ‘ 
10 50.0 1003.6 250.9 
12 53.6 1003.8 250.9 
14 57.2 1004.0 251.0 
16 60.8 1004.3 231, 
18 64.4 1004.7 2 5231.2 
20 68.0 1005.1 251.3 
22 71.6 1005.5 251.4 
24 75.2 1006.0 251.5 
26 78.8 1006.5 251.6 
28 82.4 1007.0 251.8 
30 86.0 _ 1007.7 251.9 
32 89.6 1008.3 252.1 
34 93.2 1008.9 252.2 
36 96.8 1009.6 252.4 
38 100.4 1010.4 252.6 
40 104.0 1011.2 252.8 


Note. The solution contains 1002.4 gm of water per 170 gm. CuSO4.5H2O. The volumes of water 
given in the table are 0.8 cc per liter more than theoretical in ordér to allow for adherence of this amount 
to the inside of the flask after 2-minute drainage. 
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Table XX. Volume of saturated copper sulfate solution to be diluted to 1 liter to give a 
stock solution of specific gravity 1.1000 


1 1 


Temperature of the | Volume of || Temperature of the | Volume of || Temperature of the | Volume of 


saturated solution solution saturated solution solution saturated solution solution 

at the .ime of to dilute at the time of to dilute at the time of to dilute 

sadiuraiion ' to 1 liter saturation to 1 liter saturation to 1 liter 

2C. OF, cc i By oF 

10.0 50.0 587 20.0 68.0 
10.5 50.9 581 20.5 68.9 
11.0 51.8 575 21.0 69.8 
5 TAY S257 569 24°35 70.7 
12.0 53.6 563 22.0 71.6 
12.5 54.5 557 22.5 72.5 
13.0 554 552 23.0 73.4 
13.5 56.3 546 2355 74.3 
14.0 57.2 541 24.0 f PR 
14.5 58.1 536 24.5 76.1 
15.0 59.0 531 25.0 77.0 
15.5 59.9 Swe topes) 77.9 
16.0 60.8 522 26.0 78.8 
16.5 61.7 518 26.5 79.7 
17.0 62.6 514 27.0 80.6 
5 63.5 509 2735 81.5 
18.0 64.4 505 28.0 82.4 
18.5 65.3 501 28.5 83.3 
19.0 66.2 497 29.0 84.2 
19.5 67.1 493 29.5 85.1 


CuSO,.5H,O. The CuSO,.5H,O and water are mixed in the ratio of 
170 gm of crystals to 1002.4 gm of water. Sealed bottles containing 
170 + 0.2 gm. (Med. Supply Item 1153050) of “fine crystals” of ana- 
lyzed purity are furnished. For smaller volumes 42.5 + 0.05 gm of cop- 
per sulfate may be used. These weights are convenient because the 
corresponding amounts of water can be measured in 1 liter or 250 cc 
flasks, respectively, with slight additional amounts of water varying ac- 
cording to temperature, added from a pipette or burette. 

In a bottle, of size to hold somewhat more than the volume of stock 
solutions to be made, place one or more of the weighed portions of 170 gm 
of the sulfate; for example, to make 3,200 cc of stock solution, enough 
for a complete laboratory set of 100 cc standard solutions, place 3 of the 
170 gm portions of sulfate in a 4-liter bottle. Make sure that every 
particle of the sulfate is transferred to the bottle. Fill a 1-liter flask to 
the mark with distilled or rain water. Take the temperature of the water. 
Then add from a 10-cc graduated pipette or a burette enough additional 
water to the liter in the flask to bring the volume up to that indicated in 
table XIX for addition to 170 gm of sulfate. Empty the water from the 
flask into the bottle containing the sulfate. Let the water from the up- 
turned flask drain into the bottle 2 minutes by a watch. In this manner 
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measure into the bottle one portion of water from the 1-liter flask for 
each 170-gm portion of copper sul fate.*? 


(c) Preparation of stock solution from a saturated solution. 


1. As soon as the saturated solution is prepared and filtered, 
measure into a 500-cc cylinder the volume of saturated solu- 
tion indicated by table XX according to the temperature 
previously recorded in the copper sulfate solution at the mo- 
ment the saturation process was ended. If the volume re- 
quired exceeds 500 cc (temperature of saturation below 19° 


C.) fill the cylinder to the 500-cc mark and add the extra 


amount, from a small cylinder or a burette, to the solution 
in the 500-cc cylinder. Pour the entire solution thus meas- 
ured in the 500-cc cylinder from the latter into the 1-liter 
volumetric flask. Let the upturned cylinder drain for 2 min- 
utes into the flask to complete the transfer. Then fill the 
flask to the mark with distilled water or rain water, stopper, 
and invert 10 times to mix the solution; then stand the flask 
upright. The mixing results in a shrinkage of volume, so 
that the meniscus falls below the mark. To correct for this 
shrinkage, let the flask stand for 1 minute until the solution 
drains down from the neck, and then add enough water to 
bring the meniscus back to the mark. Stopper the flask, 
again mix the solution, and transfer to the empty 4-liter 
bottle for storage. 

2. Rinse out the liter flask with water, and discard the rinsings. 
Do not rinse the 500-cc cylinder; measure into it the same 
volume of saturated copper sulfate solution as before, and 
decant again into the rinsed 1-liter flask. Fill the flask, mix, 
adjust for concentration and transfer the solution to the 
storage bottle as before. Rinse, refill, and empty the 1-liter 
flask twice more in the same manner, obtaining 4 liters of 
the stock solution. ; 


22 The figures in tables XIX and XX provide a stock solution that has 1.1000 times the 
density of water when both densities are measured at 25° C. This stock solution at tempera- 
tures below 25° has slightly more, at above 25° slightly less, than 1.1000 times the density of 
water at the same temperatures, because the copper sulfate solution has a slightly greater 
coefficient of expansion than water. Directions in earlier publications of this method yielded a 
stock solution that had, at whatever temperature the solution was prepared, 1.1000 times the 
density of water at that temperature. The coefficients of expansion of blood, plasma, and copper 
sulfate solutions are so related that the present stock solution provides: standard solutions which 
give slightly more accurate plasma protein and blood hemoglobin values at temperatures outside 
the range 20° to 30° inclusive. Even at 10° and 40°, however, the difference amounts to only 
0.15 gram of protein per 100 cc plasma; hence the érrors caused by using the previous standard 
solutions at even such extreme temperatures were not important. 

If only enough stock solution is required for a field set of standard solutions, 42.5 gm of 
sulfate is placed in a bottle or flask holding 300 cc or more. A 250 cc volumetric flask is filled 
with the volume of water indicated by the last column of table XIX. The water is emptied 
onto the crystals, the flask drained 2 minutes, and the crystals dissolved, as directed above. 
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(5) Preparation of sets of standard solutions. (a) Complete labora- 
tory set in 100 cc portions. 

1. For the standard of 1.075 gravity, measure 74 cc of stock 
solution from a burette into the 100 cc volumetric flask, and 
fill the flask to the mark with water. Mix the solution, 
transfer it to a labeled 120 cc bottle, and stopper it to pre- 
vent evaporation. 

2. To prepare the standard of gravity 1.074, rinse the 100 cc 
flask once with water, and refill the burette from a 250 cc 
Erlenmeyer flask containing the stock solution. Then meas- 
ure 73 cc of the stock solution into the volumetric flask and 
dilute to 100 cc. 

3. Carry a like procedure through for preparation of the entire 
series. For each standard the number of cc of stock solu-. 
tion less by 1 than the number indicated in the second and 
third decimal places of the desired gravity is measured into 
the rinsed 100-cc flask and diluted to the mark. 

4. If there were no contraction when the stock solution is mixed 
with water one would dilute 75 cc of the stock to 100 cc to 
get a gravity of 1.075, 74 cc to get 1.074, etc. Since there 
is a contraction, this is empirically corrected by taking 1 cc 
less of the stock solution. It happens conveniently that the 
same 1 cc correction serves for the entire range, 1.075 te 
1.008, over which its use yields gravities correct within 
+ 0.0003. 

5. If, for purposes of special precision, gravities exact to 0.0001 
are desired, the standards are made up according to table 
XXI. The convenient rule of thumb outlined above (1 cc 
less than the number indicated by the decimal figure of the 
desired gravity) suffices for ordinarily required accuracy. 

(b) Complete laboratory set in 50-cc or 25-cc portions. Portions of 
25 or 50 cc are prepared by dilution of the volumes indicated in table 
3 to 25 or 50 cc in volumetric flasks of these capacities. 

(c) Field set for approximate blood and plasma analyses. Sixteen 
standard solutions covering the range 1.016 to 1.076 in steps of 0.004 are 
prepared. 

(d) Pocket field set for whole blood only. Six standard solutions of 
gravities 1.040, 1.046, 1.052, 1.058, 1.064, and 1.070 are prepared in 30-cc 
bottles. 

d. DRAWING OF Bioop. (1) Venous blood. Tourniquets should not 
be applied for more than 1 minute. Longer application may force so 
much fluid out of the blood that the concentrations of both plasma pro- 
teins and hemoglobin are measurably increased, 
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(2) Capillary blood. (a) Capillary blood may ordinarily be used for 
hemoglobin estimations from the specific gravity of the whole blood. 

(6) To draw capillary blood, a finger, preferably the fourth or ring 
finger, is cleansed with alcohol, wiped dry, and is pricked with a needle 
or stylette. The puncture must be forceful, as a fairly large drop of 
blood is necessary. The size of the drop may be increased by massaging 
the finger from the base toward the tip. A “vaccine” capillary tube or a 
blood-counting pipette is applied to the blood drop while the other end of 
the tube is held at a level slightly lower. As the blood enters the tube, 
care is taken to keep the tip of the capillary well immersed in the drop in 
order to prevent the entrance of bubbles of air. 

(c) Enough blood may be collected in this way to provide 3 or 4 drops 
for the copper sulfate test. A single drop suffices to tell whether the 
hemoglobin is above or below a given standard, as in tests of blood don- 
ors. The blood is immediately used for the test, before there is time for 
clotting. 

e. HANDLING oF VENous Bioop. (1) Without anticoagulant. If the 
specific gravity of whole blood only, or of whole blood and serum, is to 
be measured, no anticoagulants are necessary. The blood is drawn into 
a syringe, and dropped directly from the syringe needle into the copper 
sulfate solutions to determine whole blood gravity. Then the remainder 
of the blood is transferred to a centrifuge tube and allowed to clot in 
order to obtain serum for use in methods described below. 

(2) With anticoagulant. (a) If quick results for both whole blood 
and plasma are desired, an anticoagulant is added in order to permit 
immediate centrifugation. The routine procedure is to transfer 5 cc of 
the blood from the syringe to a test tube containing 5 mg of the am- 
monium-potassium oxalate mixture. Larger proportions of oxalate must 
not be used, as they increase the gravity of the blood and plasma. 
Heparin (0.2 mg per cc of blood) may be used in place of oxalate; it is 
the ideal anticoagulant since it has no significant effect on the gravity. 
Part of the blood may be used to measure whole blood gravity. The rest 
is at once centrifuged to obtain plasma. During centrifugation the tubes 
should be capped to prevent evaporation..: 

(b) The gravity of the whole blood may be determined either imme- 
diately after drawing, by dropping blood from the syringe needle into 
copper sulfate standards, or after transfer to the oxalated tube, before 
centrifugation. In the latter case it is necessary to mix the cells and 
plasma thoroughly before the blood sample is taken from the oxalated 
tube into a dropper or syringe. To attain complete mixing either invert 
the tube containing the oxalated or heparinized blood 10 times, or stir 
_ with a glass rod with a mushroom end, which is raised and lowered 
through the blood 10 times, just before the sample is drawn into the 
dropper or syringe. Gross error in hemoglobin estimation could result if 
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the blood sample were taken from blood in which partial settling of the 
cells had occurred. 

f. DETERMINATION OF SpEcIFIC Gravity. (a) The drop of serum, 
plasma, or whole blood is delivered from a height of about 1 cm ** above 
the solution from a medicine dropper, a capillary, or a syringe needle. 
It is preferable to use small drops for the reason that they permit more 
tests before the standard solution must be changed. Therefore a medi- 
cine dropper with a fine tip is preferable to one witha coarse tip. Greas- 
ing the outside of the tip with vaseline also reduces the size of the drop, 
especially if the vaseline is mixed with a little caprylic alcohol. When 
the drop is delivered it is convenient to steady the dropper on the edge 

of the bottle. (See fig, 20.) 


Figure 20. Method of delivering a drop of serum, plasma, or whole blood into a 
bottle of standard copper sulfate solution. 


(b) The delivered drop breaks through the surface film of the solu- 
tion and penetrates 2 or 3 cm below the surface; within 5 seconds the 
momentum of the fall is lost, and the drop then either begins to rise, 
becomes stationary, or continues to fall. The gravity of the drop relative 
to the solution does not change appreciably until the drop has been im- 
mersed in the solution for another 10 or 15 seconds, and there is ample 
time to note its behavior during this interval. If the drop is lighter 
than the test solution it will rise, perhaps only a few millimeters, and 
may begin to sink immediately afterward. If the drop is of the same 
AE the drop falls from too great a height it may be broken up on striking the solution, or 
its momentum may carry it too far below the surface. On the other hand, if it strikes with too 


little force the drop may not break through the surface film. A fall of about 1 cm gives the 
right striking force. 
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gravity as the standard test solution it will become stationary for this 
interval and then fall. If the drop is heavier it will continue to fall dur- 
ing the interval. Jn summary, the behavior during the 10 seconds after 
the drop has lost the momentum of its fall into the solution indicates 
whether the drop is lighter or heavier than the test solution; if it rises 
at all during this period it is lighter than the standard. 

Example: The following example shows how, by bracketing on the 
probable extremes of a plasma’s gravity range and then testing interme- 
diate points, one can determine the correct specific Srey to within 
+ 0.0002, with not more than 4 drops. 

The plasma was expected to be of normal or greater concentration. 
Four successive drops gave the following results, in which the figures 
indicate the gravities of the standards, and + or — indicate that the 
plasma was heavier or lighter than the preceding standard: 1.027,+; 
1.031,—; 1.029,+-; 1.030,—. The plasma was heavier than 1.029 and 
lighter than 1.030, and could therefore be placed at 1.0295, with an error 
not greater than + 0.0004. 

(c) By noting the relative rate of fall or rise in the two adjacent 
solutions, 1.029, and 1.030, it was further obvious that the plasma was 
nearer 1.029 than 1.030. Being less than 1.0295 and greater than 1.0290 
it could be placed at 1.0293, with an error not greater than —0.0002. 

g. APPROXIMATE FIELD DETERMINATIONS. For field work it may suf- 
fice to determine the gravities to + 0.001. For this only 16 standard 
solutions with gravity intervals of 0.004 covering the range from 1.016 
to 1.076 are needed. An error of 0.001 in plasma gravity affects plasma 
proteins by 0.3 gm per 100 cc; addititve errors of 0.001 in the gravities 
of both plasma and whole blood affect hemoglobin results by a maximum 
of 5 percent. 

Example: The plasma tested was lighter than 1.028 and heavier than 
1.024. By observing the behavior of the drop in the two solutions it was 
noted to be closer to 1.028 than to 1.024 and hence could be placed at 
1.027, with an error not greater than + 0.001. 

With the pocket set of 6 standard solutions (1.040, 1.046, 1.052, 1.058, 
1.064, and 1.070) one can meaure whole blood gravities to + 0.002. 

h. CALCULATIONS OF PLASMA Protein, HEMoGLoBIN, AND HEMaTo- 
crIT From SpeciFIc GRAVITIES OF BLoop AND OF PLASMA OR SERUM. 
(1) Line charts. (a) Line charts for these calculations are given in fig- 
ures 21 and 22. The calculations are made by laying a straight edge, 

_preferably a transparent ruler, or a stretched thread, as 3 directed on the 
charts, 

(b) For men, the normal ranges indicated on the line charts are taken 
from precise measurements made on the blood and plasma of 20 normal 
men. ‘The normal hemoglobin range, in gm per 100 cc, is higher than 
that usually given in the literature, because the methods heretofore in 
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Plasma 
Specific Proteins 


pauaty 


1.030 


normal 


Figure 21. 


most general use have given somewhat low results. 


(gm/100 cc.) 


Hemoglobin Hematocrit 


105 (gm/100cc) 


(Hb) (Ht) 
5 


2 

SS 
9.5 4 
5 


Normal men and women 


Normal women 


To find: 

Plasma proteins, use 2 scales on line to left. 

Hb or Ht from Gpand Gp, stretch thread 
pene Gp and Gp numbers on outside 
lines. Read result on inner line. 

Approximate Hb or Ht from Gx alone, 
stretch thread across Gp and mean 
normal Gp. Result on inner line. 

Example. Line across chart shows calcula- 
tion of Hb=15.9 and Ht= 47 from Gp*1.0264 
and Gp=1.0595. 

NB. Plasma scales read up; others down. 


Correction for oxalate, deduct from both 
Gp and Gp 0.0004 for each mg. 3:2‘mixture 
NH,gand K oxalates added per cc. blood. 

Unit of sp.gravity is H20 at same temper- 

ature. 


= 


Normal men 


Line chart for calculating plasma proteins, hemoglobin and hematocrit 


from gravities of plasma and blood. 


For women the 


normal hemoglobin and cell volume are taken as 90 percent of the normal 


for men. 


(2) Correction for use of too much oxalate anticoagulant. The Heller 
and Paul oxalate mixture in the amount prescribed, one mg per cc of 
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60 |ZXample. Line across chart shows calcula- 67 
tion of Hb=100% (for men) from Gp=1.0264 68 
and Gp= 1.0595. 69 
55 |N.B. Plasma scales read up; others down. 1.070 
50 | ConPection for oxalate, deduct from both» 160 1 
Gp and Gp 0.0004 for each mg. 3:2 mixture 2 
NHg and K oxalates added per cc. blood. ” a8 
45 | Unit of Sp.gravity is H20 at same tempens x10 14 
ature. 
6 15 


Figure 22. Line chart for calculating percentages of normal plasma proteins and 
hemoglobin from gravities of plasma and blood. 


blood, increases the gravities of both plasma and whole blood by 0.0004. 
The effect is negligible for most purposes; it raises the calculated plasma 
protein and hemoglobin values each about 0.1 gm per 100 cc. When, 
however, less than 5 cc of blood are added to a tube prepared as directed 
for 5 ce of blood, with 5 mg of oxalate mixture, corrections should be 
made by subtracting from the observed gravities of both plasma and whole 
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blood 0.0005 if the blood volume is 4 cc, 0.0007 if it is 3 cc, 0.0010 if it 
is 2 cc, and 0.0020 if it is 1 ce. 


(3) Correction for use of serum instead of plasma. The fibrinogen of 
plasma is ordinarily 0.2 to 0.3 gm per 100 cc. Removal of the fibrinogen 
makes the gravity of the serum about 0.0005 lower than that of plasma. 
Hence, when gravity is determined on serum add 0.0005 to the observed 
specific gravity to estimate the gravity of the plasma. 


(4) Equations. The equations given below can be used to calculate 
_ results if the line charts, which are based on these equations, are not 
available. Gp indicates specific gravity of plasma (water being taken as 
unity at the same temperature) ; Gp indicates gravity of whole blood; 
1.0970 is the mean specific gravity of the cells; 46.1 is the mean O, capa- 
city of cells, 33.9 the mean gm of hemoglobin per 100 cc of cells. 


a Plasma proteins (gm per 100 cc blood) = 370 (Gp — 1.0070). (1) 
Sa Gp—Gp 
Ee Hematocrit (cc cells in 100 cc blood) = 100 * ————_——_. (2) 
“al 1.0970 — Gp : 

: Gp—Gp 
a Oxygen capacity (cc Oz bound by 100 cc blood) = 46.1 ————_——_-.__ (3) 
bret 1.0970 — Gp 
i Gp—Gp 


Hemoglobin (grams per 100 cc blood) = 33.9 


. (4) 
1.0970 — Gp 
. In equation 1 the constant, 370, replaces the value 343, used in the 
 jiterature and in previous publications of this method; 370 has been 
found more exact, as the result of comparison of plasma gravities with 
proteins determined by accurate macrokjeldahl analyses. 

1. SpecIAL Points AND Precautions. (1) Uziility of whole blood 
gravity alone without plasma or serum gravity. (a) For accurate esti- 
mation of hemoglobin or cell concentration it is necessary to measure 
the gravities both of whole blood and of plasma because, as indicated 
by equation 4, the accurate calculation of the hemoglobin is based partly 
on the difference, Gg — Gp, the extent by which the whole blood gravity 
al exceeds the plasma gravity. However, when information concerning 
gross changes of blood concentration is desired, and facilities or time is 
lacking to obtain plasma or serum, useful information can be obtained 
from the gravity of the whole blood alone. From it one can note in 
which direction concentration change is moving. And one can make an 
approximate estimate of the hemoglobin concentration with the line charts 
by using as plasma gravity the average normal, 1.0264. 


(b) When Hb is estimated from Gg alone, the error, caused by devi- 
ations of Gp from the assumed 1.0264, varies inversely as the gravity of 
the whole blood. If Gp is above 1.050, the error, caused by the usual 
maximal deviation of + 0.0018 of Gp from its normal mean, is less than 
0.6 gm of hemoglobin per 100 cc of blood; and the error caused by vari- 
ations of Gp over the range 1.031 and 1.021 (which include most, but not 
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all, pathological plasmas), does not exceed + 1.6 gm of Hb per 100 cc, or 
+ 10 percent of the average normal Hb for men. 

(c) If, however, the whole blood gravity is below 1.050, the effects of 
plasma variation on the calculated hemoglobin are greater. Consequently 
if a Gg value is found below 1.050, it is essential to determine also the 
Gp for calculation of Hb. 

(d) In a few conditions, including myeloma, kala-azar, and lympho- 
granuloma venereum, the globulins are so increased that the plasma 
gravity exceeds 1.031. Such hyperglobulinemia appears to occur in about 
1 percent of the usual run of hospital patients. In such cases, hemo- 
globin calculated from Gg alone erroneously includes, as hemoglobin, the 
excess plasma protein above 7 gm per 100 cc. The plasma proteins 
may, in rare cases, be as high as 12 percent. A gross plus error could 
occur in such cases in the Hb if estimated from Gp alone. 

(e) If such cases are excluded, and those with blood gravities below 
1.050, whole blood gravities can serve for rapid approximate routine 
estimations of hemoglobin from drops of finger blood. 

(f) When routine hemoglobin estimations are made from whole blood 
gravities, it is convenient to prepare a set of standard copper sulfate solu- 
tions indicating hemoglobin percentages at intervals of 10, and label the 
bottles or tubes of standard solutions with the hemoglobin percentages, so 
that no calculations are required. The gravity determinations are made 
as described above for field determinations. The standard solutions may 
be made as indicated in table XXII. ; 

(g) In blood bank stations of the American Red Cross (1944) a single 
standard copper sulfate solution was used, of gravity 1.052, indicating 
12.2 gm of hemoglobin per 100 cc of blood. Only subjects with whole 
blood gravity above 1.052 were accepted as donors. The test was made 
with 1 drop of finger blood (Thalhimer). 

(2) Number of analyses that can be made before renewal of the copper 
sulfate standard solutions is necessary. (a) Tests have shown that a 
standard solution will receive about one-fortieth its volume of plasma or 
blood, or 1 small drop per cc, under the conditions of the tests, before 
the gravity of the standard is changed by 0.0005. The change is to de- 
crease for gravity. A 100-cc portion of standard serves for about 100 
tests. 

(6) When whole blood is tested in the copper sulfate solution some 
hemolysis occurs, the color of the solution shifts from blue toward green, 
and it becomes slightly turbid from suspended unlaked cells. However, 
the gravity of the solution is not.changed by more than 0.0005 until one- 
fortieth its volume of blood has been added. 

(c) While a standard solution of 100 cc volume must be replaced after 
receiving about 100 drops of blood or plasma, analysis of 100 bloods 
leaves most of the solutions of a set but little used. As a rule, only the 
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Table XXI. Cc of stock copper sulfate solution of gravity 1.100 to be diluted to 100 cc, 
50 cc, or 25 cc to prepare standard solutions of gravity, G, to within 0.0001 


In the columns under 100, 50, and 25 are given the cc of stock solution that must be diluted to 
100, 50, or 25 cc to form standards of the indicated G values. 


solutions with gravities within the normal ranges of blood and plasma will 
require replacement. The rest of the standard solutions, since they are 
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TABLE XXII. Standard copper sulfate solutions for estimating hemoglobin percentages 
from observations on whole blood, with assumed plasma gravity of 1.024 


Percentage of normal hemoglobin Cc of stock copper 
: Gs sulfate solution 
Gravity of whole blood per 100 cc of 
Men Women standard solution 
30 33 1.0365 35.5 
40 44 1.0400 39.0 
50 a5 1.0431 - 42.1 
60 67 1.0465 45.5 
70 78 1.0495 48.5 
80 89 1.0530 52.0 
90 100 1.0563 A bo Hie 
100 111 1.0595 58.5 
3 110 422 1.0629 61.9 
120 133 1.0662 65.2 


used only when abnormal blood is encountered, will usually not require 
replacement before 200 or more bloods and their plasmas have been 
analyzed. 


(d) In order to tell when the solutions in the bottles should be changed, 
prepare for comparison two extra standard solutions of gravity about 
1.028 and 1.060, in bottles of the same size used for the standard set. 
To the solution of gravity 1.028 add one-fortieth its volume of normal 
plasma, and to the solution of gravity 1.060 add one-fortieth its volume 
of normal whole blood. These control bottles are kept for comparison 
with used standards. When the volume of precipitate in the bottom of 
a standard equals that in the control bottle the standard is renewed. 


(e) If, for any reason, it is impossible to renew the standard solutions 
after they have been used often enough to decrease their gravity by 
0.0005, each such standard may be relabeled with a gravity 0.001 lower 
and used further. Thus, after 50 small drops have been added to 50 cc 
of a 1.028 standard in a 2-ounce bottle, the standard can be relabeled 
1.027. This is not a desirable procedure, but it may be resorted to in an 
emergency. 

(f) The use of 5-cc portions of standard solutions in vials or Kahn 
tubes has been described in paragraph 2080. 


(3) Surface film effects in the analyses. (a) Occasionally a drop wiil 
fail to make a clean break through the surface film of the copper sulfate 
solution, and remain attached by a tentacle to the film. In this case the 
drop is detached from the film by tapping the tube, and a fresh drop is 
tried. 

(b) After each test, one makes sure that the surface film is left clean 
and free from fragments. If any are left on the film they are likely to 
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prevent a clean break-through of the drop in the next tests. Fragments 
caught in the surface film can.usually be detached by tapping the tube; 
they then sink to the bottom. Sometimes, however, a fragment of fatty 
nature or holding a bubble will continue to float on the surface. Such 
fragments are removed with a wooden applicator stick. 

(4) Temperature effects. Because the copper sulfate standard solu- 
tions have almost exactly the same coefficients of expansion as blood and 
plasma, no corrections for temperature are needed. Freshly drawn blood 
can be dropped from the syringe directly into the copper sulfate standard 
solutions at room temperature without significant error, because the drop 
of blood quickly takes the temperature of the surrounding copper sulfate 
solution. Convection currents in the standard solutions could introduce 
false readings. Do not bring cold bottles into a warm room and use at 
once. Do not leave bottles near stove, on window sill, etc. Hold bottles 
only by top when using, not by sides. 

(5) Accuracy of method. (a) Plasma proteins. The proteins per 
100 cc of plasma calculated from specific gravities are within + 0.4 gm 
of proteins calculated from accurate macrokjeldahl analyses (adequate 
digestion with mercury as catalyst) in normal and most pathological 
plasmas. When blood urea is very high (urea N over 100 mg per 
100 cc) the gravity-calculated proteins are likely to be somewhat too 
high, because the non-protein constituents contribute more to the gravity 
than is allowed for in the term 1.007 of equation 1. In extreme cases 
of this type the gravity-calculated protein may be as much as 1 gm 
per 100 cc too high (blood urea N over 200 mg per 100 cc), but when 
the blood urea N is under 150 mg the error in gravity-calculated 
protein is usually under 0.6 gm. Shock and allied conditions in man does 
not seem to effect seriously the accuracy. 

(b) Hemoglobin. In normal blood, and in pathological bloods in 
which the hemoglobin concentration within the red cells is not affected, 
the hemoglobin content, calculated by the line-charts from Gg and Gp, 
has been found regularly within 2 percent of the value measured 
by oxygen capacity, or within +0.3 gm of hemoglobin per 100 cc. In 
pathological blood conditions, such as pernicious anemia, the error can 
be larger, but has not been found greater than +0.6 gm of hemoglobin 
per 100 cc. The calculation of hemoglobin from gravities by equation 4 
asuumes a constant cell gravity of 1.0970 and a cell hemoglobin content 
of 33.9 gm per 100 cc. That the gross deviations from these values that 
can occur in disease do not more affect the accuracy of the hemoglobin 
determination, is due to the fact that changes in the hemoglobin content 
of the cells change the cell specific gravity in the same direction, and the 
effects on the two assumed constants nearly cancel each other in calculat- 
ing the hemoglobin content of the blood. 

(c) Hematocrit, In the hematocrit calculation (equation 2) there is 
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no cancellation of the effects of variations in the hemoglobin concentra- 
tions in the cells as there is an equation 4. Hence the percentage error 
in calculation of hematocrits from gravities is greater than in calculation 
of hemoglobin. However, the hematocrit figures are accurate enough to 
be clinically useful, except in diseases where the abnormality of hemo- 
globin concentration in the cells is great. In bloods with normal concen- 
trations of hemoglobin in their cells the gravity method indicates the 
hematocrit value within 2 ce per 100 ce of blood. In blood with markedly 
abnormal cells the error may be 2 or 3 times as great. Shock and allied 
conditions do not appear to increase the error above that found in normal 
blood. 


208. Ethyl Alcohol in Blood and Cerebrospinal Fluid (Harger, 
J. Lab. Clin. Med., 20, 746, (1934-35) ) 
a. GENERAL. The alcohol (ethanol) is distilled from blood filtrate and 
“is oxidized in the distillate by dichromate to acetic acid: 
3C2H.O + 2Cr20; - - + 16H* — 3C:H,O2 + 4Cr*** + 11H.O 

The oxidation is carried out with a measured amount of standard dichro- 
mate solution, and the excess dichromate left after the oxidation is 
titrated, the decrease in dichromate caused by the alcohol being the meas- 
ure of the latter. One mole of ethanol is oxidized by %4 mole, or % 
6 = 4 gram-equivalents (par. 135), of Cr,O,~~. Hence 1 mg of alcohol 
(1/46.1 millimole) is oxidized by 1 cc of dichromate solution of 4/46.1, 
or 0.0868, normality. In the method the dichromate solution used is 
0.0434 N, of which one cc is equivalent to 0.5 mg of ethanol. 

For titration of the dichromate a standard solution of ferrous sulfate 
and methyl orange is used. The Fe** is oxidized in the titration accord- 
ing to the reaction: 

Cr.0; - - + 6Fe** + 14H* — 2Cr*** + 6Fe** + 7H.0. 
The methyl orange is also oxidized instantly by the dichromate, so that 
the red dye is replaced by a relatively colorless oxidation product. When 
the ferrous sulfate-methyl orange solution is added to dichromate solu- 
tion the red color of the added methyl orange disappears as soon as the 
dye is mixed with the dichromate solution until all the dichromate has 
been reduced by the combined amounts of Fe** and methyl orange added. 
Then the addition of another drop of the Fe*-methyl orange solution 
gives the titration mixture a pink color, due to undestroyed methyl-orange. 

b. Apparatus. (1) Erlenmeyer Flasks, 50 ce. 

(2) Microburette. One of 5 cc capacity. 

(3) Distilling flask, 250 cc. 

(4) Condenser. A condenser with a straight glass condensing tube. 

(5) Volumetric mixing cylinder, graduated and glass-stoppered, 50 cc. 

(6) Beads or fragments of glass or Vitreosil to prevent bumping. 

c. Reacents. (1) Concentrated sulfuric acid, A.C.S. 
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(2) Approximately 17 N sulfuric acid. Pour, slowly with stirring, 
1 volume of the concentrated sulfuric acid into one volume of water 
and cool. 

(3) Methyl-orange, 0.1-percent solution. Dissolve one gm of methyl- 
orange in 1 liter of approximately 0.025 N NaOH solution. 

(4) Ferrous sulfate, 20-percent solution. Place 50 gm of FeSQ,. 
7H,O, weighed to 0.1 gm, in a 250-cc volumetric flask. Dissolve the 
sulfate in 150 cc of water. Add 30 cc of concentrated sulfuric acid, with 
stirring, and dilute to 250 cc. 

(5) Ferrous sulfate-methyl-orange standard solution. Place in a 
125-cc Erlenmeyer flask 70 cc of the 17 N sulfuric acid. Add 30 cc of 
the methyl-orange solution and 2 cc of the 20-percent ferrous sulfate 
solution. The solution is approximately 0.0144 N with respect to Fe, 
but the additional reducing effect of the methyl orange makes the total 
reducing power approximately 0.0174 N, so that about 2.5 cc titrate 1 cc 
of the 0.0434 dichromate. The solution deteriorates on standing; it can 
be used for 3 or 4 days after preparation, but must be standardized 
against dichromate, by performing the blank titrations described below, 
on the same day that it it used for analysis. 

(6) Standard dichromate solution, 0.0434 N. Weigh 2.129 gm of 
potassium dichromate to 0.1 mg, transfer to a 1-liter volumetric flask, 
dissolve in water, and make up to a liter. 

(7) The 10-percent sodium tungstate solution and N/12 sulfuric acid 
for blood protein precipitation in paragraph 184. 

d. ProcepurRE. (a) Precipitate the proteins in 2 or more cc of blood 
as described in paragraph 184, to obtain a 1:10 filtrate. Pipette 10 cc of 
the filtrate into the 250-cc distilling flask. Add 40 cc of water and some 
glass beads. Connect the distilling flask with the condenser, and arrange 
the outlet of the latter so that it will dip nearly into the middle of a 50 cc 
stoppered graduated cylinder. Heat the distilling flask with a small flame 
and distill until 25 cc of distillate has collected in the cylinder. Then 
add water to the cylinder until it is filled to the 50-cc mark, stopper, and 
mix the contents by repeated inversion. 

(b) For oxidation of the alcohol, measure with a transfer pipette 10 cc 
of the diluted distillate into 50-cc Erlenmeyer flask, add 2 cc of the 0.0434 
N dichromate solution, then 10 cc of concentrated sulfuric acid. Mix 
well by rotating the flask and let stand for 10 minutes. The heat devel- 
oped by the mixing of the acid and water accelerates the oxidation of the 
alcohol. At the end of exactly 10 minutes cool in water to room tem- 
perature. Titrate the remaining dichromate with the ferrous sulfate- 
methyl orange solution. During the titration the yellow of dichromate 
fades as the Cr,O,~~ is reduced. Then, when the first drop of excess 
reducing solution is added, the pink color of the methyl orange fills the 
solution and makes a sharp end-point. 
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(c) Perform one blank titration, B,, on 10 cc of water, plus 1 cc of 
0.0434 N dichromate, plus 10 cc of sulfuric acid, and a second blank, B,, 
like B, except that 2 cc of the dichromate solution are used in B,. 

e. CALCULATION : 

B,—U 


(1) Mg ethanol in sample titrated = 0.5 X . 
B.— By 


2— 


(2) Mg ethanol per 100 cc of blood = 250 X 


twee 
B, is the cc of ferrous sulfate-methyl orange used to titrate the blank 
containing 1 cc of dichromate, B, the cc to titrate the blank containing 
2 cc of dichromate, and U the cc to titrate the unknown after reaction 
with alcohol. 

B,— U indicates the amount of dichromate reduced by the alcoho!, 
when the dichromate is measured in terms of its equivalent in cc of the 
ferrous sulfate-methyl orange solution. 6, — B, indicates the cc of this 
solution that are equivalent to 1 cc of the 0.0434 N dichromate. Hence 
(B, — U)/(B,—B,) indicates the cc of 0.0434 N dichromate reduced 
by the alcohol. 8,—B,, rather than B, is taken to indicate the cc of 
ferrous sulfate-methyl orange that are equivalent to 1 cc of dichromate 
for the reason that the distilled water and the sulfuric acid may contain 
traces of reducing material, which would make B, lower than the true 
equivalent volume. The use of the value B,— B, to standardize the 
ferrous sulfate-methyl orange solution automatically prevents error from 
such material. 

If there is so much alcohol that it reduces almost the entire 2 cc of 
dichromate, so that U is less than 0.1 cc, repeat the titration to determine 
U, but use a portion of distillate less than 10 cc, and add enough water 
to. make 10 cc before adding the sulfuric acid. The alcohol is thus cal- 
culated as: 


2500 B.—U 
(3) Mg ethanol per 100 ce blood = ——-— X ‘ 
V B.— By 


V is the cc of distillate used for the analysis. 
f. It is to be remembered that this test will also reduce dichromate if 
methanol is present. Therefore, every specimen, which shows reduction, 


should be tested for methanol qualitatively. This may be done as fol- 
lows: 


(1) Make a tight coil of copper wire (16 gauge) 11% inches in length 
by wrapping it around a pencil. Leave a straight 8” strip at one end to 
be used as a handle after inserting it into a cork. Place 5 cc of dis- 
tillate in a test tube. Heat the copper spiral till it glows and plunge into 
the distillate. Repeat this six times. Carefully add 1 cc of concentrated 
sulfuric acid and cool. Add 0.5 cc Schiff’s reagent (see (2) below). A 
pink or violet color appearing within 10 minutes indicates formaldehyde. 
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Acetaldehyde does not give this reaction in the presence of concentrated 
sulfuric acid. 

(2) Schiff’s reagent: To 500 cc water add 0.5 gm of basic fuchsin. 
Bubble sulfur dioxide through this until the weight has increased by 
5 gm. Let stand overnight to dissolve as much of the fuchsin as pos- 
sible. Dilute up to one liter. Add 1 gm of decolorizing carbon or ac- 
tivated charcoal and mix well. Filter. This procedure should remove 
any discoloration in the solution. Repeat if necessary. The final solu- 
tion must be white. Store in a glass-stoppered bottle where it will keep 
indefinitely. 4 

(3) Should the test for methanol be positive it will not be possible 
to determine quantitatively the relative amounts of methanol and ethanol 
without resorting to special methods. 

g. Ethyl alcohol in cerebrospinal fluid (1) Prepare a 1:5 protein free 
filtrate according to the directions given in paragraph 184b(6). To 2.5 cc 
of filtrate add an equal amount of distilled water and proceed in the same 
manner as outlined for blood filtrate. 

h. An alternative simpler method for determining ethanol is a modifi- 
cation of Nicloux’s procedure. This may be found in Simmons and 


Gentzkow, Laboratory Methods of the United States Army, Fifth Edi- 


tion, Lea and Febiger. 


209. Sulfonamides in Blood by Method of Bratton and Marshall 
(J. Biol. Chem., 128, 537, (1939) ) 

a. GENERAL. (1) The method is based on diazotization of the NH, 
group of the drug and subsequent coupling with N (1-naphthyl) -ethylene- 
diamine to form an azo dye, which is measured in a colorimeter or pho- 
tometer. The procedure is identical for sulfanilamide, sulfathizaole, sul- 
fadiazine, or sulfaguanidine, although the different sulfonamides yield 
colors which vary somewhat in intensity. 


(2) When the special reagents for this method are available it has 
over the alternative method of Fuller described in paragraph 210 the 
advantage that the purple color of the Bratton-Marshall method is some- 
what better for visual reading, and permits sulfonamides to be measured, 
either visually or by electrophotometer, in about half the concentration 
required by the yellow color obtained in the Fuller method. Hence the 
Bratton-Marshall method can be carried out with smaller blood samples. 

(3) It is usually important to determine both the free and the total 
(free + conjugated) sulfonamide. Some patients acetylate a large part 
of the sulfonamide in their blood. In such a case if only the free drug 
were measured it would appear that absorption was incomplete, while if 
only the total drug were measured the lack of free drug in the circulation 
would be overlooked. The free drug has the therapeutic effect, while the 
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acetylated drug may be the form more likely to cause renal damage by 
crystallizing in the kidneys. 

b. Reacents. (1) Trichloracetic acid, 15-percent solution. Dissolve 
150 grams in water and dilute to 1 liter. 

(2) Stock sodium nitrite solution, 50 percent. Dissolve 50 gm of so- 
dium nitrite in 80 cc of distilled water. The mixture makes 100 cc of 
solution. Store in a brown glass bottle or in a dark closet. The solution 
is stable. 

(3) Sodium nitrite, 0.1-percent solution. One cc of the 50-percent 
solution is diluted to 500 cc with distilled water. Prepare the solution 
fresh on the day it is to be used. 

(4) N-(1-naphthyl)-ethylene-diamine dihydrochloride, 0.1-percent 
solution. Dissolve 100 mg of the dihydrochloride in water and dilute to 
100 cc. Keep the solution in a dark bottle. If kept in an ice box when 
not in use it will keep for a week. If it must be kept at room temperature, 
prepare the solution on the day it is to be used. 

(5) Saponin, 0.05-percent aqueous solution. This is needed if blood 
sulfanilamides are determined with a colorimeter, but is not needed if a 
photometer is used. 

(6) Hydrochloric acid, 4 N solution, 

(7) Ammonium sulfamate (NH,:SO,-NH,), 0.5-percent aqueous 
solution. 

(8) A stock standard solution containing 100 mg per liter of sulfanila- 
mide, sulfapyridine, sulfadiazine, or sulfaguanidine (whichever is to be 
determined). The chemically pure, dry, finely pulverized drug should be 
used, not tablets. The solutions can be kept for several months in an 
ice box. 

(9) Working standard solutions. These contain 1, 0.5, and 0.2 mg of 
the drug per 100 cc. Measure portions of 10, 5, and 2 cc of the stock 
solution of the drug to be determined into 100-cc volumetric flasks. Add 
18 cc of the 15 percent trichloracetic acid to each flask and dilute with 
distilled water to 100 cc. The working standards should be freshly pre- 
pared on the day they are used. 

c. ProcepuRE. (1) Removal of proteins. (a) For colorimetric anal- 
ysis. Two cc of oxalated blood is measured into a 100-cc Erlenmeyer 
flask and 30 cc of the saponin solution is added. The fluids are mixed 
3 and allowed to stand 2 minutes for the cells to dissolve. Then the pro- 
teins are precipitated by adding 8 cc of the trichloracetic acid solution and 
mixing thoroughly. The mixture is centrifuged, or is filtered through a 
dry filter. Twenty cc of the filtrate represents 1 cc of blood. 

(b) For photometric analysis. One cc of blood is measured into a 
50-cc volumetric flask and is mixed with 35 cc of water. The mixture 
is allowed to stand a few minutes to dissolve the cells (saponin is un- 
necessary in this case because of the great dilution). Then 10 cc of the 
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trichloracetic acid solution is added and the volume is made up to 50 ce 
by addition of distilled water. The mixture is centrifuged or filtered 
through a dry filter. | 

(2) Development of color to measure free sulfonamide. To 10 cc of 
either the 1:20 filtrate (colorimetric) or the 1:50 filtrate (photometric) 
add 1 cc of the 0.1-percent sodium nitrite solution, and mix. Let stand 
3 minutes to complete diazotization; then add 1 cc of the ammonium 
sulfamate solution to destroy the excess nitrous acid. Two minutes after 
adding the sulfamate add 1 cc of the naphthyl-ethylene-diamine solution. 
The color of the azo dye develops to a maximum in 3 minutes at 20°, 
and remains unchanged for 1 hour if the solution is kept in the dark. 

(3) Development of color to measure total sulfonamide. Ten cc of 
the 1:20 or the 1:50 blood filtrate is pipetted into a 15 by 150 mm test 
tube marked to contain 10 cc, and 0.5 ce of the 4 N hydrochloric acid 
solution is added. The open tube is then heated in a boiling water bath 
for 1 hour to set the conjugated sulfonamide free. The solution is cooled, 
and the volume, somewhat diminished by evaporation, is brought to 10 ce 
by addition of distilled water. The solution is then treated with nitrite, 
etc., as in determining the free sulfonamide. 

(4) Development of color in standards. For colorimetric analyses a 
10-cc portion of each of the working standards is treated in the way 
described for treatment of blood filtrate to measure free sulfonamide. For 
photometric analyses only one standard, with 0.2 mg of sulfonamide per 
100 cc, need usually be prepared. 

(5) Colorimetric measurement. Each filtrate is compared with the 
standard that it most nearly matches. The use of a green filter (Corn- 
ing, Sextant 63, No. 401, 2 mm thick) facilitates the comparison, espe- 
cially when the color is weak. It is convenient to set the 1 mg per 100 cc 
standard at 10 mm, the 0.5 mg standard at 15 mm, and the 0.2 mg at 
Z0 mm. The color comparison can be made immediately after the color 
is developed, or can be deferred for as long as 1 hour if the solutions are 
kept in the dark. 

(6) Colorimetric calculation. 


5 
Mg sulfonamide per 100 cc blood = 20.6 X Cs X —. 
U 


C; is the mg of sulfonamide per 100 cc in the working standard, S is the 
reading of the standard, U the reading of the unknown. The factor 20.6 
is used instead of the dilution factor 20, because precipitation of the blood 
proteins in the 1:20 dilution, used to prepare the filtrate for colorimetric 
analysis, involved the loss of about 3 percent of the drug; this fraction 
is apparently adsorbed by the precipitate of the blood proteins. Use of 
the factor 20.6 corrects for this loss. 

(7) Photometric measurement. (a) The blank is prepared from the 
reagents, with water in place of blood. The optical density of the blank 
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increases with time if the solution is exposed to ordinary daylight. Some 
color-forming reaction appears to occur in light between the trichloracetic 
acid and the N—(1-naphthy1)-ethylene-diamine. (Solutions of the diamine 
acidified with HCl instead of trichloracetic acid do not develop color in 
light.) After addition of the naphthyl-ethylene-diamine reagent to either 
blanks or blood filtrates the photometric reading should be made at once, 
or else the solution should be protected from light and the reading made 
within 1 hour. 

(b) The optical density is measured with light of 540 millimicrons 
wave length. 

(8) Photometric calculation. 


u 


Mg sulfonamide per 100 cc blood = 10 X —. 


D, is the optical density of the unknown, D, the optical density of the 
standard with 0.2 mg of sulfonamide per 100 cc. 


10 


.One may determine k = 


and use the k in subsequent analyses. 
8 


210. Sulfonamides in Blood by Method of Fuller (Lancet, 115 (1), 
194, (1937)); modified for the colorimeter by Jang and Cheng, 
Chinese Med. J., 61, 227, (1943) and for the photometer by Archi- 
bald (unpublished). 


a. GENERAL. This method can be used when the special reagents, 
naphthyl-ethylene-diamine and ammonium sulfamate, required for Brat- 
ton and Marshall’s method, are not available. Also, trichloracetic acid, 
for precipitating blood proteins, can if necessary be replaced by alcohol 
in Fuller’s method. The principle of forming an azo dye is the same 
as in Bratton and Marshall’s method, but in Fuller’s the diazotized sul- 
fonamide is coupled with the cheap and commonly obtainable thymol, 
instead of with naphthyl-ethylene-diamine. Since the coupling is done 
in alkaline solution, it is not necessary to add sulfamate to destroy nitrous 
acid. Fuller’s method also has an advantage in the stability of its color ; 
the solution after development of its color need not be protected from 
ordinary daylight, and remains unchanged under usual laboratory condi- 
tions for 6 hours or more. The only relative disadvantage of Fuller’s 
method appears to be that the optical density per unit concentration of 
sulfonamide is only about half as great as the density obtained with the 
Bratton-Marshall method; hence the samples of blood required for the 
Fuller method are twice as great. 

b. Reacents. (1) Stock sodium nitrite solution, 50 percent. As de- 
scribed for Bratton and Marshall’s method. (See par. 209.) 

(2) Sodium nitrite, 0.5 percent solution. One cc of the 50 percent 
solution is diluted to 100 cc. This solution is prepared the day it is used. 
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(3) Thymol in 5 N sodium hydroxide solution, 0.5 gm of thymol in 
100 cc of 5 N sodium hydroxide solution. 

(4) Trichloracetic acid, 5 percent solution. 50 gm of trichloracetic 
acid per liter of aqueous solution. 

Note. If trichloracetic acid is not available to precipitate the blood proteins, it 
may be replaced by 95 percent ethyl alcohol. 

(5) Sodium hydroxide, 1 N solution (approximate). 

(6) Hydrochloric acid solutions, 1 N and 4 N (approximate). 

(7) Stock standard solutions of sulfonamides. Of each sulfa drug to 
be determined 100 mg is dissolved in water and the solution is diluted 
to 1 liter. . 

(8) Working standards. (a) For colorimetric analyses. Dilute por- 
tions of 20, 10, and 5 cc of the stock standard solution of the drug to be 
determined to 100 cc each. The working standards contain 2, 1, and 
0.5 mg of sulfonamide per 100 cc. 

(b) For photometric analyses. Dilute 3 cc of the stock standard solu- 
tion of the drug to be determined to 100 cc, to make a solution with 0.3 
mg per 100 cc. 

c. PROCEDURE FOR SULFONAMIDES IN Boop. (1) Removal of pro- 
teins. (a) For colorimetric analysis. Into a 100-cc Erlenmeyer flask 
measure 45 cc of the 5 percent trichloracetic acid. Then add 5 cc of 
blood, slowly with constant rotation of the mixture in the flask. The 
mixture is centrifuged, or is filtered through a dry filter. If trichlor- 
acetic acid is not available, add 5 cc of blood with shaking to 40 cc of 
95 percent alcohol and filter. 

(b) For photometric analysis. In a 50-cc volumetric flask place 25 cc 
of the 5 percent trichloracetic acid. Add, with shaking, 2 cc of blood. 
’ Fill to the 50-cc mark with water, mix well, and centrifuge or filter. If 
trichloracetic acid is not available, add 2 cc of blood with shaking to 43 
cc of 95 percent alcohol and filter. 

(2) Development of color to measure free sulfonamide. Of either 
trichloracetic acid filtrate (for colorimetric or photometric analysis) mix 
10 cc with 1 cc of the 0.5-percent sodium nitrite solution. After 3 min- 
utes add 2 cc of the alkaline thymol solution. The orange yellow color 
develops at once. 


Of either alcoholic filtrate mix 9 cc with 1 cc of 2 N aqueous hydro- 
chloric acid solution. Add 1 cc of the 0.5-percent sodium nitrite solu- 
tion. After 3 minutes add 2 cc of the alkaline thymol solution. Wait 
20 minutes for the color to develop. Then filter again. 

(3) Development of color to measure total sulfonamide. Ten cc of 
blood filtrate is heated for 1 hour with 0.5 cc of 4 N hydrochloric acid, 
and brought back to 10 cc volume, as described in paragraph 209c(3). 


262 


did Fg TR Re Ae Ne te 
en 7 


Then 0.5 cc of 0.5-percent sodium nitrite solution is added, and after 
3 minutes is followed by 2 cc of the alkaline thymol solution. 

(4) Development of color in standards. For colorimetric measure- 
ments a 10-cc portion of each of the three working standards is treated 
as described above for development of color to measure free sulfonamide 
in blood filtrate. For photometric measuremént only the standard with 
0.3 mg of sulfonamide per 100 cc is required. 

(5) Colorimetric measurement. Each filtrate is compared with the 
standard that most nearly matches it. For the standard representing 
15 mg per 100 cc blood it is convenient to set the colorimeter at 10 mm; 
for the 10 mg standard, 15 mm; for the 5 mg standard, 20 mm. 

(6) Colorimetric calculation. 


eae. 
Mg sulfonamide per 100 cc blood =10.7 XCsX a 


C, is the concentration of sulfonamide (mg per 100 cc) in the working 
standard, S is the reading of the standard, U the reading of the unknown. 
The factor 10.7 is used instead of the actual dilution, 10, because about 
6.5 percent of the sulfonamide is adsorbed by the precipitate of blood 
proteins when the precipitation is carried out with a 1:10 dilution of the 
blood. The factor 10.7 corrects for the loss by adsorption. 

(7) Photometric measurement. (a) Blank. If the reagents are pure 
their optical density is practically zero with light of 460 millimicrons 
wavelength. Hence, with such reagents, water may be used as the blank. 
A blank should be prepared with each new lot of reagents, however, with 
water in place of blood, and if the reagent blank shows a density sig- 
nificantly greater than that of water the reagent blank should be used, 
instead of a water blank. 

(b) The optical density is measured with light of wavelength 460 
millimicrons. A single standard with 0.3 mg of drug per 100 cc usually 
suffices, because the solutions follow Beer’s Law over the concentration 
ranges encountered. 

(8) Photometric calculations. 


Da 
Mg sulfonamide per 100 cc blood =7.6X 


D, isthe optical density of the unknown, D, the density of the standard 
with 0.3 mg of sulfonamide per 100 cc. The factor 7.6 instead of 7.5 
is used, in order to correct for the adsorption of about 2 percent of the 
sulfa drug that occurs when the blood proteins are precipitated in 1:25 
dilution. 

7.6 


One may determine the constant, k = , and use the k in subsequent 
analyses. Ds 
(9) Measurement of blood sulfonamide without colorimeter or pho- 


tometer. (a) In the absence of an instrument one can estimate sulfona- 
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mide, within 1 mg per 100 cc of blood, by comparison with a set of 
standards in test tubes. A standard equivalent to 20 mg of sulfonamide 
per 100 cc of blood is prepared by diluting 18.7 cc (instead of 20 cc, to 
correct for adsorption) of the stock standard solution to 100 cc. Of this 
20 mg standard, portions of 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 cc are meas- 
ured from a burette into a series of 15 by 150-mm test tubes, which should 
all be of clear glass and approximately the same diameter. To each tube 
add from a burette enough distilled water to make the volume up to 
10 cc. The sulfonamide concentrations in the tubes are then equivalent 
to 2 mg per 100 cc of blood for each ce of the 20 mg standard that was 
added; for example, the tube that received 4 cc of the 20 mg standard 
has sulfanilamide concentration equal to that of a 1:10 filtrate of blood 
with 8 mg per 100 cc, etc. The tubes are marked 2, 4, 6, 8, 10, 12, 14, 
16, 18, 20, indicating the mg of sulfonamide per 100 cc of blood to which 
each is equivalent. The color is developed in all of these tubes of gradu- 
ated standards as described for development of color of free sulfonamides 
in blood filtrates. 

(b) The color in 1:10 blood filtrate is developed as described above to 
measure either free or total sulfonamide. The color of the blood filtrate 
is compared with that of the graduated standards. If the color of the 
filtrate falls midway between that of two standards, the intermediate mg 
per 100 cc is taken as the blood concentration. 


211. Hemoglobin in Blood—Photometric (Todd and Sandford, 
Clinical diagnosis by laboratory methods, 10th edition, p. 216) 

a, GENERAL. Blood is diluted with 250 volumes of 0.1-percent sodium 
carbonate solution, forming an oxyhemoglobin solution of pH 10.7. The 
optical density of the solution has a maximum near the wave length 545 
millimicrons, and does not change for several hours. 

Two procedures will be described, one for venous blood using a 1-cc 
sample, and one for capillary blood using a 0.1-cc sample obtained by 
finger puncture. The procedure for venous blood yields exact results 
more easily, because less skill is required in measuring the 1-cc sample 
than the 0.1-cc sample. The use of capillary blood is not permissible in 
cases with severe shock, or with edema involving the hands. In shock 
the capillary blood may be 30 or 40 percent higher than the circulating 
blood in hemoglobin content. In cases with edema involving the hands, 
edema fluid from the subcutaneous tissues may contaminate the blood 
obtained by puncture and cause results for hemoglobin to be too low. 

b. REAGENTS (sodium carbonate, 0.1 percent solution). One gram of 
anhydrous Na,CO, is dissolved in water and the solution is diluted to 
1 liter. 

c. APPARATUS. (1) For venous blood. Sterile syringes, 1-cc transfer 
pipettes calibrated for blow-out delivery, 250-cc volumetric flasks. (Tf 
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only one calibrated pipette is available, it may be used for a series of 
bloods by washing it with water, alcohol, and ether after each measure- 
ment. ) 

(2) For capillary blood. Sterile lancets, 0.1-cc pipettes calibrated “to 
contain,” a 25-cc transfer pipette, 50-cc Erlenmeyer flasks. 

d. ProcepurE. (1) For venous blood. (a) Twocc or more of blood 
is drawn with a syringe and is transferred to a tube containing 1 to 2 mg 
of oxalate per ce of blood. 


(b) A 250-ce volumetric flask is filled to the mark with the 0.1-percent 
carbonate solution. 


(c) The blood in the tube is thoroughly mixed by stoppering the tube 
and inverting it 10 times, or by raising and lowering a rod with a mush- 
room tip 10 times through the blood. 

(d) Immediately after the mixing, a sample of 1 cc of the blood is 
drawn into a pipette, and is transferred to the flask with the 250 cc of 
carbonate solution. For accurate delivery at least 30 seconds should be 
taken to let the blood run out of the pipette. The drop in the tip is then 
blown into the carbonate solution. The 250-cc flask is stoppered, and 


the blood is mixed with the carbonate solution by inverting the flask 
10 times. 


(2) For capillary blood. Pipette 25 cc of the 0.1-percent carbonate 
solution into a 50-cc Erlenmeyer flask. Wash the finger tip with alcohol 
and make certain that the skin is dry. Pierce the skin with a sterile 
lancet. Fill a dry, clean 0.1-cc pipette with blood from the drop by capil- 
lary attraction, holding the pipette in a horizontal position. If the blood 
is drawn above the mark, draw the meniscus back exactly to the mark 
by touching the tip of the pipette with a bit of filter paper. Make cer- 
tain that no blood is clinging about the outside of the tip. Empty the 
pipette into the carbonate solution. Rinse the pipette 3 times by drawing 
carbonate solution up into the pipette and ejecting the solution back into 
the 50-ce flask. Mix the blood and carbonate solution by rotating the 
flask. 

“e. PHOTOMETRIC MEASUREMENT. (1) Determination of k value with 
blood_of known hemoglobin content. In three or more samples of normal 
venous blood the hemoglobin is carefully determined, either by the copper 
sulfate gravity method (par. 207) or by the method for “total hemo- 
globin by carbon monoxide capacity” described on pages 341 to 345 
inclusive of the 1943 edition of Peters and Van Slyke’s Methods. A 1- 
cc sample of the blood thus standardized is then mixed with 250 cc of 
carbonate solution as described in d above for venous blood. The optical 
density, D, is measured with light of wave length 545 millimicrons, the 
zero point of the photometer scale being set with a blank of water. The 
k value (pars. 147 and 153) is calculated as: 
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Gm hemoglobin per 100 cc blood : 
= - , , 
The average value of k thus obtained from the standardized bloods is 
used in subsequent analyses. 


Table XXIII. Normal concentration ranges of constituents determined in whole blood 


Constituent Normal range 
Carbon monoxide_-___-_-_-- 0.1 to 0.3 vol. percent in nonsmokers. Up to 1 vol. per- 
cent in smokers. 
Flemogiovin: bones 13.7 to 18.1 gm per 100 cc in men. 12.5 to 16.3 gm per 


100 cc in women. Less in children, except infants 
under 6 months. 


Meinatocrt:. 2225 ok 42 to 52 cc per 100 cc blood in men. 38 to 46 in women. 
Nonprotein nitrogen__--___- 25 to 40 mg per 100 cc. 

ipab che kts set pee 80 to 120 mg per 100 cc. Blood taken before breakfast. 
Wreamitropens:. 2) Jo. 2 5 to 20 mg per 100 cc. 

Prem cleitance 2. >> aL 70 to 130 percent of average normal. 


Table XXIV. Normal concentration ranges of constituents determined in plasma or serum 


Constituent Normal range 
PRIM es ie ee 3.4 to 5.2 gm per 100 cc. 
Albumin-globulin ratio 1.4 to 2.2. 
(Howe method). 

Biwavins sso cere! Sto Less than 0.6 mg per 100 cc, all “‘Indirect.’’ No “Direct.” 

Carlen: sik. 25228 ok 9 to 11 mg per 100 cc. 

Carbon dioxide capacity -_| 53 to 77 vol. percent, or 24 to 34 millimoles per liter, in 
adults. Somewhat lower in children. 

(Cilomde® ..222 2-2 eee. 98 to 106 millimoles per liter. Equivalent to 570 to 

: 620 mg NaCl per 100 cc. 

Cholesterol, total________-- 130 to 330 mg per 100 cc. 

Cholesterol, free__.-.___--- 24 to 30 percent of total cholesterol. 

ASreatinine 23 ow ak 1 to 2 mg per 100 cc. 

Piormnoren oe a he ee 0.2 to 0.4 gm per 100 cc. ; 

Globulins, including 2.0 to 3.5 gm per 100 cc. 

fibrinogen. 

Ictesis index 22. Cis: oc) Usually below 6. 

Nonprotein nitrogen_______ 18 to 30 mg per 100 cc. 

Phosphate, inorganic- -___- 3 to 4 mg calc. as phosphorus per 100 cc, in adults. 
4 to 5.5 mg in children. 

Phosphatase, alkaline_____- 5 units or less in adults. Higher in children. 

Phosphatase, acid________- 2 units or less. 

Proteins, plasma... .2.2.- 6.0 to 8.0 gm per 100 cc. 

Proteins, serum__..------- 5.7 to 7.7 gm per 100 cc. 

Uric. acid. 5.2. escew od ss 4 to 6 mg per 100 cc. 
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(2) Measurement of optical density of unknown. The optical density 
of the 1:251 dilution of blood in carbonate solution, prepared from either 
venous or capillary blood, is measured with light of 545 millimicrons 
wavelength in cuvettes of the same size used in determining k value. 
Water is used for the blank. 

(3) Calculation. Gm hemoglobin per 100-cc blood =k D. 

D is the optical density of the solution, k the constant determined from 
standardized blood. 


688862°—46—18 
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CHAPTER 7 
GENERAL BACTERIOLOGIC METHODS 


Section |. COLLECTION OF BACTERIOLOGIC 
SPECIMENS 
212. General 


Specimens of pathologic materials to be used for bacteriologic examina- 
tion should be collected from locations where the suspected organisms are 
‘most likely to be found and must be handled aseptically in order to avoid 
contamination with extraneous microorganisms. Care must also be 
exercised to avoid collecting specimens at a time when the infecting 
organisms have probably been killed by the use of antiseptics. Closed, 
sterile, glass containers are required, but the type of container depends 
on whether the specimen can be examined immediately or must be shipped 
some distances. As a rule, small specimens are shipped in sealed glass 
tubes, protected with absorbent cotton, in tightly closed tin containers that 
are inclosed in larger mailing cases. Methods suitable for collecting a 
variety of pathologic materials from different locations are briefly indi- 
cated in the paragraphs below. 


213. Materials From Eye 

Collect specimens from the infected eye during the period in which the 
disease is progressing, as at a later time one may obtain only such sapro- 
phytes as Corynebacterium xerose or staphylococci. The secretions may 
be collected either with a cold sterile platinum loop or with a cotton swab, 
but one must take care to avoid contamination due to contact with the 
margins and angles of the lids. Sufficient material should be taken to 
prepare at least two stained smears in addition to the cultures. Speci- 
mens from the infected cornea, the anterior chamber, or the iris should 
be collected by the ophthalmologist in charge of the case. Pus from the 
styes should also be collected by the attending surgeon. Enucleated eyes 
may be sterilized externally by dipping them in boiling water or an anti- 
septic solution, after which they can be opened aseptically and the de- 
sired structures removed for bacteriologic examination. 


214. Materials From Ear and Mastoid 
In infections of the external auditory canal, the exudates may be collected 
on an ordinary sterile cotton swab. In otitis media or in mastoid infec- 


tions, the specimens should be collected by the attending surgeon. Both 
smears and cultures should be prepared. 
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215. Materials From Nose, Sinuses, and Nasopharynx 
Collect specimens from either the nasal passages or from the nasopharynx 


on a small sterile cotton swab, tightly wrapped on a sterile wooden appli- 
cator. Tilt the tip of the nose upward and insert the applicator gently, 
pushing it backward with a rotary motion until the posterior wall is 
reached. For meningococcus carriers surveys the West nasopharyngeal 
swab is aconvenience. This consists of a cotton swab on a flexible wire 
inclosed in a bent glass tube, the latter serving to prevent contamination 
with mouth flora while the swab is pushed forward through the tube to 
the selected spot high in the nasopharynx. Material from infected sinuses 
should be collected by the rhinologist responsible for the case. 


216. Materials From Throat and Tonsils 


a. Inflammatory exudates from the throat are usually collected on ster- 
ile cotton swabs slightly larger than those recommended for use in the 
nose. The throat should be well illuminated so that material can be taken 
directly from inflamed areas, which must be swabbed rather deeply to 
insure getting a sufficient number of the pathogenic microorganisms. 

b. When searching for focal infections, or for diphtheria carriers, it 
may be desirable to make cultures of materials from the crypts of the 
tonsils. First collect material from the entire tonsillar surface on a cot- 
ton swab. Then carefully insert into the crypts a platinum loop bent at 
right angles. If desirable the contents of the crypts may be squeezed out 
by pressure or drawn out with a special glass tube attached to a suction 
pump. As a rule such specimens should be collected by the attending 
laryngologist. 

c. Tonsils removed surgically may be sterilized externally by dipping 
them into hot petrolatum or boiling water, or by exposure to antiseptic 
solutions, after which materials from inside the tonsils may be obtained 
aseptically and used for examination. 


217. Sputum 

Sputum may be collected in a sterile Petri dish, wide-mouth bottle, or 
vial, preferably soon after the patient awakes in the morning. The 
sputum is coughed up and expectorated directly into the sterile container, 
avoiding unnecessary introduction of saliva. The use of paper boxes or 
other nonsterile containers is not recommended even for specimens that 
are to be examined microscopically for tubercle bacilli. Specimens should 
be kept cold and, if possible, examined within 24 hours. 


218. Blood 


Blood for bacteriologic examination must be collected under aseptic con- 
ditions by an experienced technician or a physician. The specimens are 
usually collected from the median basilic or median cephalic vein. With- 
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draw 8 to 10 cc of blood by venipuncture. Place 2 to 3 cc of the blood 
into each of two flasks containing 100 cc of dextrose infusion broth or 
other suitable medium, and place the remainder in a large sterile test 
tube containing 1 cc of a 0.2-percent sterile solution of sodium citrate in 
physiologic salt solution. Measured amounts of the citrated blood can 
be placed in plates and mixed with melted agar or other media as de- 
sired. For shipment, blood is collected as above and placed in bottles 
of sterile dextrose broth, or, if typhoid fever is suspected, bottles of sterile 
bile medium may be used. Such culture bottles are labeled, packed, and 
shipped in double containers. 


219. Blood Serum 


Blood to be used for the collection of serum for agglutination, comple- 
ment-fixation, and precipitation tests may be obtained with a large sterile 
needle. Allow from 5 to 10 cc of blood to flow directly from the needle 
into a sterile cotton-plugged tube. Stand the specimen in an upright 
position, protected from sunlight, until coagulation is complete. Loosen 
the clot from the side of the tube with a sterile wire or glass rod, pull 
out the cotton plug half way and fasten its ends to the outside of the 
tube with a rubber band, and centrifuge the tube until the serum is free 
from red cells. With a sterile pipette, transfer the clear serum to sterile 
vials. Cork securely, label, pack, and ship at once. Contaminated speci- 
mens deteriorate rapidly in warm weather, thus becoming unsuitable for 
satisfactory examination. 


220. Cerebrospinal Fluid 

This will be collected by the attending physician by means of a spinal 
tap. The fluid should be immediately taken to the laboratory where ap- 
propriate stains and cultures can be made. 


221. Pleural, Pericardial, and Other Fluids From Serous Cavities 
These will be collected by the attending physician by aspiration with a 
sterile syringe and a moderately large needle. 


222. Bile 

Bile collected by the surgeon at operation may be placed in a sterile tube 
and later inoculated into media. However, specimens are more com- 
monly obtained by nonsurgical drainage through a sterile duodenal tube. 
The different fractions of bile obtained may be inoculated on duplicate 
sets of culture media. Such cultures may be very helpful in the isolation 
of typhoid bacilli from suspected cases or from carriers. 


223. Feces 


a. Fecal materials to be examined bacteriologically should be passed 
by the patient directly into a sterile container, such as a bedpan, basin, 
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fruit jar, or Petri dish. A small portion may be collected with a sterile 
spatula and placed in a sterile wide-mouth bottle or vial: In the Army, 
special vials and metal spoons (medical supply items Nos. 4471000 and 
4400000) are furnished for the collection of feces. The specimens may 
be preserved by adding a small portion of feces to a vial containing 2 cc 
of glycerol saline solution (glycerol 30 cc, sodium chloride 0.42 gm, and 
sterile water 100 cc). The vial may also be obtained ready for use (item 
No. 1827000). . 

b. Specimens may be collected directly from the patient in the follow- 
ing manner. After cleansing the perianal skin with soap, water, and 
dilute ethyl alcohol, introduce into the anus a sterile cotton swab moist- 
ened with sterile broth or salt solution. To avoid contamination of the 
swab during passage through the anus, the swab may be inclosed in a 
short piece of sterile rubber tubing (8-mm bore, 1- to 2-mm wall). Just 
before insertion half of a %-ounce veterinary gelatin capsule (disinfected 
by soaking in 95-percent ethyl alcohol) may be slipped over the end of 
the rubber tube; after insertion the capsule is dislodged by pushing the 
swab forward. 

c. If it is desirable to collect culture materials from the lesions in ulcer- 
ative colitis, this should be done by a proctologist, and the specimen should 
be inoculated on blood agar and infusion broth. 


224. Urine 

Specimens should be collected by catheterization under aseptic conditions, 
but in dealing with infants, specimens must be collected directly from 
the cleansed urinary meatus. It should be remembered that urine sam- 
ples collected by the latter method are often contaminated with colon 
bacilli and staphylococci. Because of the striking differential features of 
certain organisms, including those of the typhoid-paratyphoid group, con- 
tamination may not seriously interfere with their recognition in cultures, 
and specimens to be used in carrier surveys may, therefore, be passed by 
the patients directly into sterile containers. If done promptly, sediments 
from such specimens may be cultured for gonococci. Such specimens 
can also be used in preparing films to be examined for various organisms 
including gonococci, streptococci, colon bacilli, and tubercle bacilli, al- 
though the results are insufficient for anything more than a presumptive 
idenification. In suspected tuberculosis of the urinary tract, it is safer 
to base the diagnosis on the examination of urine collected aseptically 
through a catheter and inoculated into animals. All urine specimens 
should be centrifuged and the sediment used for examination. 


225. Materials From Urethra and Prostate 


a. In gonorrheal urethritis, collect pus from the urethra on a sterile 
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cotton swab, and with this prepare two or more films. If desirable, inocu- 
late cultures on chocolate blood agar or other special media. 

b. In chronic infections, urethral and prostatic secretions may be col- 
lected subsequent to emptying the bladder. Collect this in a sterile Petri 
dish and use for preparing films or cultures as desired. 


226. Materials From Wounds 


Pus or fluid in infected wounds may be collected on sterile cotton swabs 
or with a platinum loop. If it is suspected that the patient has gas 
gangrene, this information should accompany the request in order that 
special examinations may be immediately made for the detection of patho- 
genic anaerobes. Wound specimens should be collected by the attend- 
ing surgeon. 


227. Autopsy Materials 


Owing to the rapidity with which bacteria invade the tissues after death, 
all diagnostic cultures to be made on autopsy materials should be col- 
lected within 1 or 2 hours if the results are to be of maximum value. 
Since embalming destroys most bacteria, the cultures should be collected 
before this is done. In taking cultures from the various organs, it is 
customary to first sear the surface with a flat cautery and, after making 
a small incision with a sterile knife or needle, to remove sufficient mate- 
rial with a sterile pipette, swab, scalpel, or platinum loop. 


228. Disinfection of Discarded Specimens 


In many instances it is advisable to keep specimens until the bacterio- 
logic examination has been completed, in order to have on hand suf- 
ficient material to repeat the tests if necessary. Specimens or cultures’ 
to be discarded should first be sterilized. The contaminated glassware 
that accumulates from day to day may be placed temporarily in a large 
bucket or crock filled with a 5-percent solution of cresol. Pipettes are 
usually kept in separate containers. At convenient intervals remove the 
glassware, place in a metal pan or pail, cover with water, and sterilize 
in the autoclave. Thereafter it may be safely washed and prepared again 
for use. 


229. Data to Accompany Specimens 

Each specimen sent to a laboratory should be accompanied by WD 
AGO Form 8-81 (old MD Form 55. L-15) Miscellaneous (clinical rec- 
ord) or other appropriate slip in duplicate, signed by the requesting 
officer. State specifically the examination desired. Show tentative diag- 
nosis and any other information that may be of value to the laboratory 
officer in selecting tests to be run. If two or more different type exam- 
inations, such as spinal fluid for a Wasserman test and for culture are 
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desired on the same specimen, submit, if possible, separate specimens, 
each accompanied by appropriate request slips. 


230. Precautions 

Pack the specimen carefully to avoid breakage and leakage. Do not ship 
a liquid specimen or a specimen in a liquid medium in a cotton-plugged 
container. Submit a sufficient amount for all tests required, and after 
the specimens have been prepared, mail or deliver them to the laboratory 
promptly to prevent spoilage. 


Section Il. MICROSCOPICAL AND STAINING METHODS 


231. General Remarks on Examination of Unstained Material 
The examination of unstained specimens or of suspensions of living organ- 
isms may yield information that is definitely diagnostic. Such prepara- 
tions are used for the detection of motility of micro-organisms, the 
diagnosis of spirochetal infections by dark-field examination, the diagnosis 
of mycotic (fungal) infections, and as a screen test for the diagnosis 
of bacillary (also amebic) dysentery and cholera by direct examination 
of stool specimens, © 


232. Hanging-drop Preparations 

a. Place a loopful of the material to be examined (fluid medium cul- 
ture or a very light suspension of growth from a solid medium) on a thin 
(No. 1) cover glass. Invert the cover glass over the concavity of a 
“well” slide, so that the droplet hangs suspended in the concavity. If the 
preparation is to be examined over a prolonged period, rim the cover 
glass or concavity with vaseline or immersion oil. Otherwise, a loopful 
of water may be flowed between the cover glass and the rim of the con- 
cavity to fix the preparation in position and to serve as a temporary seal. 

b. In order to find the preparation under the microscope reduce the 
light to a minimum by means of the iris diaphragm, then locate and 
center the edge of the drop in the low-power field. Finally swing the 
high-power objective into place, find the edge of the drop and bring it 
into sharp focus. At this point it will probably be necessary to readjust 
the iris diaphragm to admit more light. The oil-immersion objective may 
be used for still greater magnification. (See par. 459.) 

c. Hanging-drop’ preparations are chiefly employed to determine 
whether or not an organism is motile. True motility is a manifestation 
of the ability of the organism to propel itself from place to place through 
a fluid medium. This motion is associated with the possession of special 
filamentous structures, flagella, which can be ‘made apparent only by 
means of special staining methods or electron-microscopy. For motility 
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studies relatively young (5- to 18-hour) cultures should be employed. 
A motile organism may move sluggishly or rapidly, and the number of 
individual organisms in a preparation that show motility may vary widely. 
If one assumes that only one species of organism is represented in a sus- 
pension, the presence of even one motile cell is proof of motility. 
Brownian movement is the erratic darting to and fro of small suspended 
_ particles that results from bombardment by molecules in solution in the 
suspended field. It should not be confused with true motility. No pro- 
gressive movement is seen, the suspended bodies move only within a small 
circumscribed area. 


233. Moist (Cover Glass) Preparations 

a. Place a loopful of broth culture on a clean slide or emulsify a very 
small amount of growth from a culture on a solid medium in a loopful 
of water, salt solution, or broth on a clean slide. Cover with a vaseline- 
rimmed, thin (No. 1) cover glass, and press the cover glass down to 
form a thin film. 

b. Examine with the high-dry or oil-immersion objective. It will be 
necessary to reduce the light by regulating the iris diaphragm. It may 
be convenient to locate the edge of the cover glass, the edge of the film, 
or perhaps a small bubble with the low-power objective in order to get 
the specimen in approximate focus before swinging the higher power 
objective into place. It is this type of preparation that is used for dark- 
field microscopy. 


234. Dark-field Examination 


By the use of a special dark-field condenser, which gives concentrated 
oblique illumination, objects that otherwise are microscopically invisible 
can be brought into view. The dark-field condenser replaces the ordi- 
nary condenser, and the light which is ordinarily allowed to enter through 
the objective is reduced by an inside metal collar or ring known as a 
“funnel stop.” Daylight does not provide sufficient illumination, there- 
fore, a special source of artificial light must be used. 


a. ADJUSTMENT OF APPARATUS, (1) Remove the ordinary condenser 
and insert the dark-field condenser with its two lateral adjustment screws 
forward. ° 


(2) Adjust the source of light until a bright ring or spot appears on 
the upper surface of the condenser; the plane mirror is used. 


(3) With the low-dry objective, locate the top of the condenser and 
the ring etched on the surface of the condenser. 


(4) Manipulate the lateral adjustment screws until the ring is brought 
into the center of the field. 


(5) Remove the lower half of the oil-immersion objective, insert the 


274 


ee a, ee) Or oA Th 
Ke Ne 
ta i 


funnel stock with its small end towards the lens, and reassemble the 
objective. 

b. ExamINaTION, (1) Secure clean slides 1.45 to 1.55 mm in thick- 
ness, and clean cover glasses; some prefer flexible cover slips. 

(2) Rim the cover glass with a small amount of vaseline. 

(3) Place a small drop of the fluid to be examined on the center of the 
slide, apply the cover slip and press down to obtain a thin film, avoiding 
bubbles. 

(4) Lower the substage slightly and place a drop of thin immersion 
oil, free of bubbles, on the upper surface of the condenser. 

(5) Put.the slide preparation on the mechanical stage and center the 
specimen. 

(6) Raise the substage until the oil is spread by contact with the slide, 
filling the space between the slide and the condenser. 

'(7) Place a drop of immersion oil, free of bubbles, on the cover slip. 

(8) Lower the oil-immersion objective, and focus on the micro-organ- 
isms, which should appear as bright objects against a black background. 
Adjust the light for brilliant illumination, reducing, if necessary, with 
the condenser diaphragm. 

c. SUGGESTIONS TO AvorD oR Correct Trouser. (1) Intense illumi- 
nation is required, but it may be necessary to reduce the light by means 
of the diaphragm in the condenser. 

(2) Avoid air bubbles in the preparation itself and in the oil applied 
to the preparation. 

(3) Be sure that the funnel stop has been properly inserted in the oil- 
immersion objective and that it has not fallen out of position. 

(4) Finally, be sure that you have a thin preparation without an excess 
of blood, tissue elements, or debris. If too dense, the specimen may 
require dilution with salt solution for satisfactory results. 


235. Stains and Staining Methods, General Remarks on 
Applications 

a. GENERAL. Stained smears are used routinelv in the examination of 
specimens and cultures in order to detect the presence of micro-organ- 
isms, to study the cellular morphology of the organisms, and to determine 
their staining properties. A study of cellular morphology and staining 
properties involves determination of the size and shape of the organism, 
the arrangement or grouping of individual cells (singly, in clusters, pairs, 
chains, packets, etc.), the possession of special anatomic structures (cap- 
sules, granules, spores, and flagella) and the reaction to special stains, 
such as the Gram and acid-fast stains. 

b. StmpLe Stains. Such stains are occasionally useful for a rapid 
examination of material for bacteria or other cellular elements. Dyes 
commonly used as simple stains are methylene blue, Gram’s crystal 
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(gentian) violet, fuchsin, and safranine, the same reagents that are also 
used for special staining methods. 

c. SpectaL Stains. More elaborate methods are necessary for the 
differentiation of micro-organisms having different staining properties and 
for the demonstration of special anatomic structures. Special staining 
methods usually involve the use of two or more reagents. 

d. PREPARATION OF SMEAR. (1) Slides to be used for preparation of 
. stained smears must be clean and free from a film of grease. (See par. 
25.) In certain instances, as in preparation of smears of suspected tuber- 
culosis material or for flagella stains, it is recommended that new slides 
be used to eliminate the possibility of scratched or inadequately cleaned 
slides that are likely to give falsely positive results. 

(2) If smears are made from cultures on a solid medium, emulsify 
a small amount of growth in a loopful of water on the slide and spread 
over an area about 1 cm in diameter. If fluid media cultures are used, 
smear a loopful of the culture in the same manner. 

(3) Allow the smear to air-dry and fix it by passing the slide quickly 
through the hottest part of a Bunsen flame several times in succession ; 
flame the underside of the slide and do not heat too strongly. The prepa- 
ration is then ready to stain. Methyl alcohol or other fixatives are some- 
times used in special methods. Occasionally, fixation is not required. 


236. Gram Stain (Hucker Modification) 


a. REAGENTS. (1) Ammonium oxalate-crystal violet solution: 


Crystal violet (85 percent dye content, certified*).............00e 4 gm 
é PREY SSIOOUOL GD, DENCENY) casos nt Ysa s 650s one Sees ban we eee 20 cc 
Dissolve the crystal violet in the alcohol. 
Ammonium Oxalatesiis65 sas Weak cis th oud dee eee 0.8 gm 
WORE coos sit peas wins bie sae odd wk SACRE a pus CAA a 80.0 cc 


Dissolve the ammonium oxalate in the water. Dilute the crystal violet 
solution 1:10 with distilled water. Mix 1 part of the diluted crystal violet 
solution with 4 parts of ammonium oxalate solution. 

(2) Gram’s iodine solution: 


SOME 3 5 5s cc kaet esa Shee ee a as Se ch ee : 1 gm 
POMS SOLHOEN Se ives fod poe core tea Maas es: oat ee 2 gm 
WET S505 TREES das Su a ee es See 300 cc 


Dissolve the iodine and potassium iodide in the water. This solution 
deteriorates on standing in the laboratory and should be prepared fresh 
at least every 2 weeks. 

(3) Counterstain: 


Safranin (2.5 percent solution in 95 percent aloohol) ....skasce02 8 10 cc 
BY GUE ce sais am ait Senin eos Se VEG Pees 5 ¢ aad a ee oe ae eae 100 cc 


b. Procepure. (1) Stain 1 minute with the crystal violet solution. 
(2) Wash in water. 


* Whenever used, the word “certified” refers to certification by the Commission on Standard- 
ization of Biological Stains. 
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(3) Apply iodine solution for 1 minute. 

(4) Wash in water. 

(5) Decolorize in 95-percent alcohol for 30 seconds with gentle agita- 
tion, or until violet dye fails to appear in the alcohol. 

(6) Apply counterstain for 10 seconds. 

(7) Wash in water; dry without blotting. 

c. APPLICATIONS AND PrINcIPLES. (1) The gram stain is the most 
valuable of the special differential stains. It is used routinely, often as 
the first step, in the examination of specimens and cultures. Micro- 
organisms are usually either gram-positive or gram-negative, but may be 
gram-variable. 

The gram-staining property is associated with the presence or absence 
of an external layer or “shell” of protoplasma that has special affinity 
for the crystal violet. Gram’s iodine acts as a mordant. Gram-positive 
organisms retain the stain on treatment with 95-percent alcohol, acetone- 
ether, or other decolorizing agents ; gram-negative organisms are decolor- 
ized and subsequently counterstain with safranin. 

(2) It should be understood that gram-positive cells eventually become 
gram-negative when, as the result of autolysis and sloughing, the external 
gram-positive-staining “shell” is lost. The temperature of incubation 
and the pH of the medium influence the gram-positive properties of 
gram-positive organisms markedly. 


237. Acid-fast Stain (Ziehl-Neelsen Method) 


a. REAGENTS. (1) Carbol-fuchsin stain: 

Basie fuchsin (10. percent alcoholic: soltition) | 2. 62... ce ecce ease 10 cc 
Phenol (> percent agucous solution) ...i.5..0.. ctr se eccoceecce 100 cc 

(2) Acid-alcohol. Add 3 Bet concentrated hydrochloric acid to 
95 percent alcohol. 

(3) Methylene blue stain. See ean 238. 

b. Procepure. (1) Flood the fixed smear with carbol-fuchsin stain, 
and steam gently over the flame for about 3 minutes; do not boil. 

(2) Renew the stain as it evaporates. 

(3) Wash with water. 

(4) Decolorize by flowing the acid-alcohol over the smear until the 
alcohol flows colorless from the slide. 

(5) Wash with water. 

(6) Counterstain with methylene blue for 1 minute. 

(7) Wash with water, dry, and examine. 

c. APPLICATIONS AND PrincrpLEs. Acid-fast stains are used for the 
detection and differentiation of the acid-fast bacilli, such as those causing 
tuberculosis and leprosy. The protoplasm of the acid-fast bacilli contains 
a high content of waxlike substance that makes them difficult to stain, 
so that concentrated stains and drastic methods (prolonged staining, usu- 
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ally with heat) are necessary. Once stained, the acid-fast bacilli are much 
less readily decolorized than are the bacteria frequently found associated 
with them. The acid-fast bacteria are stained red, and the other bac- 
teria blue. 


238. Loeffler's Methylene Blue Stain (Modified) 


a. REAGENTS. 

Methylene tae el certi ed) a5 5.0.55. uns ae ee ron hp ooenesad nae sea e bho 0.3 gm 
Py aIeGie 160. DEECENL) ...000s.0obsdege ssa eseaea tenes Gheaoraeum 30.0 cc 
When dissolved add 100 cc of distilled water. 

b. Procepure. (1) Cover the smear, prepared as usual, with the dye 
and stain for 1 minute. 

(2) Wash with water, blot dry, and examine. 

c. APPLICATIONS AND PrincipLEs. Methylene blue is commonly used 
in the examination of smears and throat cultures for diphtheria bacilli. 
It differentiates the metachromatic granules, which stain intensely, from 
the cytoplasm of the cell. The dye develops polychrome properties on 
aging or on treatment with alkali. Certain constituents of the polychrome 
dye have marked affinity for the granules, which stain purple while the 
body of the cell stains blue. Other special stains, such as those of Neisser 
and Albert, may also be used. 


239. Stain for Diphtheria Bacillus (Laybourn Modification of 


Albert Method) 

a. REAGENTS. (1) Solution No. 1: 
A OUINGITY IGE cO catalan 2 sia se hisices ee oe eee cware sMakeewecs 0.15 gm 
Malachite green (or methyl green, Albert).......ccesccvccsecs 0.20 gm 
Slalal: ACPO Clee ue ne adie ah mAo es b5k dood eEbeEEeS ee eTe 1.00 cc 
Alcohol 195 percent) ons isis SEAS ialds cg oles aces 2.00 cc 
Bistlied = WAR ses kicws ceket ee key oaks SiMe Cyeea es chek onsale 100.00 cc 


Let the mixture stand 24 hours; then filter. 
(2) Solution No. 2: 


Roding crystals: <ixssesew cdes sa oe shocks) sek owe e eee ae 2 gm 
POlASSUi SOUR: ann ag ale kkk as $2 Ae a oh eek oe ee toon 
Brstled  WAlel ss vse duck ies 0k d Coes Sas eek ow Gl eRe ee 300 gm 


b. PRoceDuRE. (1) Fix smears by heat. 


(2) Flood with solution No. 1 for 3 to 5 minutes (1 minute if methyl 
green is used.) 
(3) Wash with tap water. 


(4) Flood with solution No. 2 for 1 minute. 
(5) Wash, blot dry, and examine. 


c. INTERPRETATION. The granules of diphtheria bacilli stain intense 
black, the bars dark green, and the intervening portions light green. 
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240. Moist India-ink Capsule Stain 

a. REAGENT. A good grade of india ink relatively free of bacteria 
should be used.? 

b. Procepure. (1) Emulsify a minute amount of the material in a 
small loop of salt solution, broth, or water on a slide. 

(2) Add a small loop of india ink and cover with a cover slip. The 
fluid should spread as a very thin film. 

(3) Examine immediately with the oil-immersion objective, reducing 
the light with the diaphragm, until the bacterial bodies are distinctly in 
focus. 

c. INTERPRETATION. The bacterial bodies are not stained ; the capsules 
appearing as halos about the bacteria against a dark background. Ex- 
udates and culture fluids containing serum agglutinate the ink particles, 
therefore the Hiss. method should be used for such materials 


241. Capsule Stain (Hiss Method) 

a. Reacents. (1) Crystal violet solution. Make a1 percent aqueous 
solution. 

(2) Copper sulfate solution. Make a 20 percent aqueous solution. 

b. Procepure. (1) Mix the exudate or culture into a drop of serum 
on a slide and smear. 

(2) Air-dry, and fix as usual. 

(3) Cover smear with 1 percent aqueous crystal violet. 

(4) Steam gently over the flame for 30 seconds to 1 minute. 

(5) Wash off the stain with a 20 percent aqueous solution of copper 
sulfate. 

(6) Blot dry, and examine. 

c. PrincrpLes. Capsules do not stain by ordinary methods because 
they are composed of polysaccharides that have no affinity for the dyes. 
Capsules may be shown in relief with india ink or may be actually stained 
after impregnation with serum, according to the Hiss method. 


242. Spore Stain (Dorner Method) 
a. Reacents (1) Carbol-fuchsin stain, See paragraph 237. 
(2) Ethyl alcohol (95 percent). 
(3) Loeffler’s methylene blue stain (modified). See paragraph 238. 
b.:ProcepurRE. (1) Prepare smears and fix in the usual manner. 
(2) Stain with carbol-fuchsin stain, as in paragraph 237. 
(3) Wash in hot tap water. 
(4) Rinse rapidly with 95 percent alcohol. 
* Not all india inks are suitable. Higgin’s and Weber’s waterproof drawing inks have been 
found satisfactory, but all bottles contain some bacteria. It is advisable to select a bottle that 


contains a minimum number of bacteria and no encapsulated forms, then add to this bottle 0.5 
percent phenol as a bacteriostatic agent. 
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(5) Apply Loeffler’s methylene blue stain for 2 to 5 minutes. 


(6) Wash, then blot dry. 
c. INTERPRETATION. Spores are red, and cell bodies blue. 


243. Flagella Stain (Leifson Method, Modified) 

a. REAGENT. The dye powder is composed of 1.0 part by weight of 
basic fuchsin (calculated on basis of actual dye content), 1.5 parts of 
sodium chloride, and 2.5 parts of tannic acid. The staining solution is 
made by dissolving 1.7 gm of the dye powder in a mixture of 65 cc of 
distilled water and 35 cc of 95 percent ethyl alcohol. It is best to sus- 
pend the powder in the water before adding the alcohol. The stain will 
keep for several weeks in a tightly stoppered bottle. 

b. ProcepureE. (1) Prepare a slightly turbid suspension of the bac- 
teria in distilled water, either by using a small loop of growth from an 
agar slant or by using the washed sediment from a broth culture. Broth 
cultures, as such, are unsatisfactory. 

(2) Allow a large loopful of the bacterial suspension to run down 
over the surface of a perfectly clean slide and set the slide aside to dry. 

(3) Put sufficient stain on the slide so that it remains heaped up dur- 
ing staining. Do not add more stain. 

(4) Stain for 10 minutes, or until a distinct iridescent film forms over 
the surface of the staining solution. 

(5) Wash with water, and if desired, counterstain for 5 to 10 minutes 
with a dilute aqueous solution of borax (sodium borate) and methylene 
blue (methylene blue 0.1 percent, borax 1.0 percent). The counterstain 
is not necessary. 

(6) Wash, blot dry, and examine. 

c. APPLICATIONS AND PRINCIPLEs. Flagella are extremely slender, 
fragile, presumably spiral filaments. The type of flagellation (number 
and position of flagella) is a species character. Flagella may be polar 
(single or multiple), peritrichous (multiple peripheral), or lophotrichous 
(polar tufts). Staining methods involve the depositing of sufficient dye 
in colloidal or particulate form on the filaments to make them visible. The 
necessity for using scrupulously clean slides and suspensions free of or- 
ganic matter other than the organisms (distilled water suspensions) is 
emphasized in flagella staining. 


244. Nigrosin Relief Stain (For Spirochetes and for General Use) 
a. REAGENT. 
Daigrosin. (water: soluble).2s 55 shi daca ees shnsoley Ie cme Uae 10 gm 
PIISUMER WOtET yas cucocas ds Vee isk awe 5 ea Res bo a oe 90 cc 
Boil the ingredients in a flask for 30 minutes. Add, as a preservative, 
0.5 cc of formalin solution, USP. Filter twice through double filter 
paper, and store in small, sealed test tubes. 
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b. Procepure. A loopful of fresh exudate or culture fluid is mixed 
on a slide with a loopful of the nigrosin solution, then spread over the 
slide and dried. 

c. INTERPRETATION. Micro-organisms are not stained but appear in 
relief as unstained bodies on a dark background. 


245. India-ink Relief Stain (For Spirochetes and Capsules) 

a. REAGENT. Use an india ink of good quality. (See par. 240.) 

b. Procepure. Stain according to the directions given for the nigrosin 
relief stain. (See par. 244.) 


Section Ill. CULTURAL METHODS 
246. Cultural Characteristics 


Under favorable conditions of food, moisture, and temperature, an or- 
ganism multiplies to become, after many generations, a mass of many 
similar organisms, visible to the naked eye. In cultures in fluid media 
one should look for turbidity, sediment, and surface pellicle. Sometimes 
there is developed a color, odor, or appearance peculiar to the species. 
Tn solid media, such as agar, dispersion of the new growth is impossible ; 
the organisms pile up into a mass (colony) the size, shape, color, or con- 
sistence of which may be characteristic of the species. The differences 
in growth on different media, the temperature at which it grows best, and 
the requirements regarding the presence or absence of oxygen are also 
important characteristics of each kind of micro-organism, 


247. Transfer of Cultures 

a. Inoculation or transfer is usually accomplished with a wire needle 
(platinum or nichrome) supported in a holder, the wire end being either 
straight or bent in a loop. This wire must be sterilized before and after 
use by heating to red heat in an open flame. Occasionally a sterile cotton 
swab or pipette may be used for transfer of inoculum. Every effort must 
be used to make the transfer without risk of contamination. 

b. If, after inoculating, a fair amount of material remains on the needle 
or loop, the wire should be heated gradually to redness; otherwise, it is 
likely to scatter viable organisms over the operator and the desk. 


248. Transfer From Test Tube to Test Tube 
Both tubes should be held in one hand and in a slanting position to pre- 
vent dust from dropping into them. The withdrawn cotton plugs should 
be held between the fingers of the other hand in such a position that the 
ends which are to be replaced into the tubes are not contaminated by 
touching anything. Proceed as follows: 

a. Pass the open mouths of both test tubes through the flame. 
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b. Sterilize the inoculating wire (needle or loop) by heating it red hot 
in the flame. 

c. Insert the wire into tube No. 1 to obtain the inoculum. 

d. Insert the wire into tube No. 2 to transfer the inoculum. 

(1) Liquid media receive a full loopful of inoculum. 

(2) In stab cultures, the agar is stabbed to the bottom of the test tube 
with the straight wire needle. 

(3) Slanted media are inoculated by stroking the inoculum over the 
surface with the needle or loop. 

é. Sterilize the wire. 

f. Pass the open mouths of both tubes through the flame. 

g. Replug the tubes. 

h. Label the tubes with identification and date. 


249. Streaked-plate Method 


Various procedures may be used to obtain an organism in pure culture. 
The use of the streaked plate provides a practical method for routine use. 
The loop should be bent at an obtuse angle so that it will ride flat on the 
. surface of the agar. Since the number of organisms in the inoculum may 
be large or relatively small, the method of streaking must be such that 
part of the plate is inoculated heavily and the remainder progressively 
more lightly. Moreover, as much as possible of the agar surface should 
be utilized for the best results. The following method is suggested: 

a. Collect the inoculum (specimen or culture) in a sterile loop. 

b. Distribute the inoculum over the surface of the agar in such a man- 
ner as to obtain well-isolated colonies. (See fig. 23.) 

(1) Beginning at one edge of the dish dilute out the inoculum by 
streaking back and forth over the same area several times, progressing 
out across the agar surface, until approximately one-quarter of the sur- 
face has been covered. 


(2) Flame the loop. 

(3) Streak at right angles to the originally inoculated area, carrying 
the inoculum out from the streaked onto the sterile surface with only the 
first stroke of the wire, and covering half the remainder of the sterile 
agar surface. 

(4) Flame the loop. 


(5) Repeat as described under (3) above, covering the remainder of 
the sterile agar surface. 

(6) Two to four different undiluted plants may be made on separate 
sectors of a single plate if caution is practiced not to permit the inocu- 
lation line to cross the plate sector line. This method is frequently used 
to obtain massive growth of known pure cultures when well-isolated colo- 
nies are not required. 
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Note: The loop is sterilized between steps 1 and 2 
and between steps 2 and 3. 


Figure 23. Progressive steps in making a streaked plate. 


250. Poured-plate method 
Another method for securing isolated colonies is by making poured plates. 
Proceed as follows: 

a. Melt a tube of agar and cool it to about 45° C. in a water bath. 

b. Inoculate the tube as directed in paragraph 248. 

c. Pour the inoculated agar into a sterile Petri dish, agitate the agar 
by moving the plate circularly on a flat horizontal surface, and cool (leave 
the cover partially off for a few minutes to permit water vapor to escape). 

d. For individual colony study, three such tubes may be inoculated 
in series and each poured as above, or a suitable dilution of the parent 
culture may be made in a tube of sterile broth, salt solution, or water. 
251. Shake-agar Method 
See paragraph 2590, 


252. Streaked-poured-plate Method 
This method is useful for the detection and study of hemolysis. It is 
also excellent for the culturing of swabs because it avoids the uncertainty 
of making proper dilutions and requires only one plood agar plate; both 
surface and deep colonies will appear. 

a. Streak infusion agar plates by the method described above. (See 


par. 249.) 
688862°—46—19 
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b. Pour into the plate sufficient (approx. 5 cc) 5 percent defibrinated 
blood agar to cover the surface of the inoculated agar. 

c. Allow the agar to solidify, and incubate in the inverted position. 

d. Examine for hemolysis after 24 to 48 hours incubation. 


253. Colony Picking 


Having separated individual colonies on a plate, a pure culture may be 
obtained by the following steps: 

a. Observe a colony with a hand lens or under the low power of the 
microscope and be assured that it is but one colony, well separated from 
adjacent colonies. 

b. Ring and number the colony with a wax pencil on the bottom of 
plate. 

c. Sterilize a straight inoculating wire. 

d. Touch the tip of the needle to the colony, avoiding any other colony. 

e. Inoculate selected culture media. 


254. Incubation 


Cultures are placed for growth in incubators that maintain a constant 
temperature. Most pathogenic bacteria grow well at a temperature of 
37° C. Many saprophytic bacteria and fungi grow best at lower tem- 
peratures, and may be incubated at 20° to 30° C. Cultures in gelatin 
must be kept below the melting point of that medium (25° C.) either in 
an incubator at 20° C. or at cool room temperature, or the gelatin cul- 
ture may be incubated at 37° C. and later chilled to determine whether 
the medium will again solidify. The length of time for incubation re- 
quired for different species of bacteria varies from 24 hours to several 
weeks, : 


255. Increased Atmospheric Carbon Dioxide 

Many organisms, including pneumococci, streptococci, all species of Bru- 
cella, and the pathogenic species of Neisseria grow best on primary cul- 
ture in an atmosphere containing 1 to 10 percent carbon dioxide, in fact, 
such a condition is essential for the primary growth of Brucella. This 
may be provided in one of two ways: 

a. Estimate the capacity of a jar (museum type), with airtight lid, 
about 12 cm in diameter and 20 cm high. Calculate the amounts of re- 
agents required to produce 10 percent carbon dioxide, on the basis of 
0.24 gm sodium carbonate (Na,CO,) and 4 cc 10 percent sulfuric acid 
(H,SO,) for each 1,000 ce capacity. Place the culture plates or tubes 
in the jar. Place the reagents in a small, open container in jar. When 
the reaction begins to subside, place the lid on the jar and incubate. 

b. A simpler method of securing an increased amount of atmospheric 
carbon dioxide is to place a small piece of lighted candle or cotton wool 
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in an open dish or tin can lid inside the jar. After the jar is closed the 
burning candle will be extinguished when about 2 to 3 percent of carbon 
dioxide has accumulated. 


256. Oxygen Requirements 
Bacteria differ in their oxygen requirements. 

a, Aerobes grow in the average atmosphere and therefore require no 
special provisions. Most pathogenic bacteria are aerobes or facultative 
anaerobes (defined below). 

b. Micro-aerophiles require an atmosphere containing a reduced oxygen 
content. ; 

c. Anaerobes require a relative or absolute absence of oxygen, and spe- 
cial provision for the removal and exclusion of oxygen from the cultures 
is required. 

(1) Obligate anaerobes require practically complete absence of oxygen. 

(2) Facultative anaerobes will grow either aerobically or under 
strictly anaerobic conditions. 


257. Principles of Anaerobic Culture 

a, OxycEN Exputsion. The medium is heated in vigorously boiling 
water for 10 minutes to drive off the dissolved oxygen, and is then cooled 
rapidly by immersion in cold water. A long inoculating wire or capillary 
pipette is used for inoculation. If the medium is agar, it should be inocu- 
lated when it reaches a temperature of 42° to 45° C. and then cooled 
further. 


Some anaerobes, such as Clostridium perfringens, one of the least obli- 
gate of the pathogenic anaerobes, will grow in the lower portions of media 
so prepared. However, this method is usually used in combination with 
one or more of the other methods. 

b. OxycEN Exciuston. Oxygen is expelled from the medium by 
boiling (as above) and further access of oxygen from the air is prevented 
by overlaying the surface of the medium with a seal of sterile petrolatum. 
(Petrolatum must be sterilized in the hot-air oven.) 


c. OxycEN Exuaustion. After placing the inoculated media in an 
airtight Novy jar or desiccator, the air in the container is exhausted by 
means of a vacuum pump. This method alone is not satisfactory, but is 
usually used in conjunction with other methods, especially that of oxygen 
replacement. (See d below.) 


d. OxycGEN REPLACEMENT. The culture is placed in a Novy or similar 
jar, and the atmospheric oxygen is replaced with hydrogen or some other 
noninjurious gas by connecting the gas supply to the intake of the jar 
and allowing the gas to flow for about 10 minutes, after which the stop- 
cocks are closed and the jar is placed in the incubator. 
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e. OxycEN ABsoRPTION (CHEMICAL). The culture tubes or plates are 
placed inside a desiccator or jar in the bottom of which has been placed 
1 gm of pyrogallic acid for each 100 cc of air space. To the pyrogallic 
acid is rapidly added a 10-percent aqueous solution of sodium or potas- 
sium hydroxide—10 cc for each gram of pyrogallic acid—and the jar is 
quickly sealed. Many modifications of this method are used, such as 
using a small culture tube inside a larger tube containing the reagent. 

f. Oxycen Consumption (Catatytic). The cultures are placed in 
a specially prepared jar, the lid of which has been equipped with a pal- 
ladinized asbestos spool or pad. Hydrogen is passed into the jar and 
removes the oxygen present by combining with it to form water. The 
many modifications of this method, which actually makes use of several 
of the other principles, are widely used and are recommended where a 
high degree of anaerobiosis is required. 

g. SPORE CONCENTRATION. An almost universally applicable concen- 
tration method for the isolation of spore-forming bacteria, anaerobic or 
aerobic, is to heat the material (assumed to contain spores) sufficiently 
to destroy the vegetative cells. It should be remembered that spore 
formers do not always sporulate profusely and, under certain conditions, 
produce no spores. The heat treatment should be such that most, if not 
all, mature spores survive. There is evidence that all spores may not be 
so highly heat resistant as is generally believed. Therefore, the method 
of heating at 80° C. for 10 to 15 minutes is modified as follows: 

(1) Prepare a relatively heavy suspension of the material to be cul- 
tured. 

(2) Heat in a water bath at 65° C. for 1 hour. 

(3) Cool rapidly and culture by aerobic and anaerobic methods. 


258. Media for Anaerobic Cultures 

a. RouTINE MepiA. Practically any of the usual routine media can 
be used for the isolation and study of anaerobes, provided the cultures 
are handled in such a way that the oxygen is removed and excluded from 
the medium and the surrounding atmosphere. 

b. SpectaL Mepta. Media devised primarily for anaerobic cultures 
include Brewer’s fluid or solid thioglycollate medium and cooked-meat 
_medium, both of which are described in paragraph 2634. 

c. CULTURE OF ANAEROBES. Tissue removed aseptically from a labora- 
tory animal and transferred to a deep (10 cm) column of medium also 
provides conditions suitable for the culture of anaerobes. 


259. Methods of Cultivation and Isolation of Anaerobes 
a. Liguip MepiA SEALED WITH. VasELINE. A layer of sterile vase- 
line may be used as a seal to exclude oxygen from deaerated liquid media. 
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(1) Boil the medium for 10 minutes in a water bath to remove dis- 
solved oxygen and cool by immersion in cold water without agitation. 

(2) Pipette melted sterile vaseline onto the surface of the medium to 
form a half-inch layer. 

(3) The following method may be used for inoculation and for sub- 
sequent examination of the culture. Warm the sides of the tube with a 
flame until the vaseline plug melts. Place the tube in a slanted position 
until the vaseline resolidifies in a thin layer, which is easily broken with 
the inoculating wire or pipette. To reseal, melt the vaseline again (as 
above) and stand the tube upright. 

b. SHaxe-AGAR Metuop. Deep columns of solid or semisolid agar 
are anaerobic in the deep layers. The medium should be boiled for 10 
minutes and cooled rapidly to 45° C. without agitation, immediately be- 
fore use. These tubes are inoculated in series for dilutions of culture 
while the temperature of the agar is about 45° C., rotated (but not ex- 
cessively) to distribute the inoculum, and then quickly cooled by immer- 
sion in cold water. The columns of agar may be sealed by adding 1 or 
2 cm of sterile melted agar. 

c. VEILLON TuBE Metuop. This method involves the preparation of 
serial dilutions in recently boiled glucose infusion agar, as described 
above. Portions of the medium from each tube, after inoculation, are 
drawn up into separate sterile lengths of small-bore glass tubing, in which 
the agar is allowed to solidify. Isolations from individual colonies are 
readily made, after incubation, by breaking the tube at points where the 
colonies develop. 

d. Use oF Pyrocattic Acip AND ALKaLi. The quantities of pyro- 
gallic acid required to remove all oxygen from 100 cc of air may be 
calculated on the basis of 1 gm of pyrogallic acid and 10 cc of 10-percent 
aqueous solution of alkali (sodium carbonate or sodium or potassium 
hydroxide). 

(1) Wright tube method. (a) Inoculate a glucose infusion agar slant, 
or a series of slants in succession, if the method is to be used for isolation. 

(b) Cut off the top of the plug (nonabsorbent cotton) and flame. 

(c) Push the plug down to within less than 1 cm from the top of the 
slant, and insert a 1-cm plug of absorbent cotton. 

(d) Pack 1 cm of pyrogallic acid crystals on top of the absorbent cot- 
ton plug. 

(e) With a tight-fitting rubber stopper ready for immediate use, 
pipette 0.5 cc of alkali (sodium carbonate or sodium or potassium hydrox- 
ide) onto the pyrogallic acid. 

(f) Plug immediately and tightly and seal the rubber stopper with 
paraffin or a paraffin-vaseline mixture. 

(g) Incubate inverted, with the butt of the tube up. 

(2) Other applications of this principle. Pyrogallic acid and alkali 
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may be used to remove the oxygen from any container that can be ade- 
quately sealed. Desiccators, special jars or culture dishes, or rubber- 
stoppered bottles or tubes may be used. 

e. Mopiri—ep Brewer Dish MetHop (ComBininG BioLtocicaL AB- 
SORPTION OF OXYGEN AND BBEWER’S OR ANOTHER SUITABLE MeEpium). 
Pour Brewer’s anaerobic agar or solid thioglycollate medium into a Petri 
dish in the usual manner and allow it to solidify. This medium is inocu- 
lated with the material being cultured, by the poured or streaked method. 
Pour glucose infusion agar into the top half of another dish. Inoculate 
the entire surface of glucose agar heavily with a culture of Serratia mar- 
cescens or another suitable facultative anaerobe, which eventually removes 
the oxygen from the closed space more or less completely. The seal is 
made by the rim of the lower half of the dish resting lightly on the agar 
in the upper half (care must be taken that it does not cut the agar), when 
the dish is inverted for incubation. 

f. ANAERoBIC JAR Mernuops. (1) A variety of special jars have been 
devised, all of which produce anaerobic conditions by combining the oxy- 
gen of the contained air with hydrogen in the presence of a catalyst 
(platinized or palladinized asbestos). Some are fitted with electrical 
connections for heating the catalyst and others depend upon activating 
the catalyst before it is placed in the jar. The Smillie jar, which is oper- 
ated by the second method, may be used under field conditions when no 
electricity is available. Other types, such as the Brewer, Brown, McIn- 
tosh and Fildes, and Spaulding jars, are also available in certain Army 
installations. With some, illummating gas may be substituted for hydro- 
gen. 

(2) Successful use of any of these types of equipment is dependent 
upon strict adherence to directions, for the method of operation is not 
the same for all types. 

(3) The Smillie jar is used as follows: The glass bulb containing the 
platinized asbestos is heated over the free flame for a few seconds. A 
rubber ring, 0.5 cm thick, is placed between the jar and cover, the contact 
surfaces are thinly covered with plasticine or a similar cement, and the 
metal clamp is screwed down with thumb and forefinger. The stopcock 
to which the glass bulb is connected is placed on a vacuum pump, and 
gentle suction is applied for 2 to 3 seconds in order to insure a good 
initial flow of hydrogen and thus ignite the platinized asbestos at once. 
The stopcock is now closed and attached to the hydrogen apparatus, and 
the gas is allowed to enter. This should be done carefully at first in order 
that an excess of hydrogen does not enter at once; for the gas should be 
burned as rapidly as it enters the jar. The platinized asbestos will soon 
be seen to glow and from this time hydrogen and oxygen will slowly unite, 
and the water formed will be deposited on the sides of the jar. When 
all the oxygen has united with the hydrogen, the platinized asbestos will 
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become cool, but the hydrogen will continue to enter the jar until all the 
space formerly occupied by oxygen is replaced by hydrogen. The result 
is a hydrogen-nitrogen jar under approximately atmospheric pressure. 
The whole process should take about 15 minutes. 


260. Miscellaneous Information on Anaerobic Jars 
a. CATALYST CAPSULES. These may be prepared as follows: 


(1) Place 1.4 gm of asbestos wool in a porcelain evaporating dish. 
(2) Add 10 cc of 10 percent platinum chloride and a few drops of 


hydrochloric acid to aid solution and stir this into the asbestos wool with 
a spatula. 


(3) Dry slowly in an incubator or hot-air oven. 


(4) Carbonize thoroughly in a yellow flame, with frequent stirring of 
the wool, and when the wool is well coated with soot, heat it to glowing 
by using a “blue” flame to reduce the mixture. 


(5) Place the platinized asbestos between two layers of very fine wire 
screen, and complete the capsule by sewing the rim of the double-layer 
screen with wire. 


(6) Reactivate the capsule monthly by thoroughly carbonizing it in a 
yellow flame, and then heating it to a red glow. 

b. Kipp GENERATOR. (FOR Hyprocen Propuction). Danger—hydro- 
gen-oxygen mixtures are explosive. Always check with your instructor 
before starting the generator. 

(1) Mossy zinc is placed in central bulb. 

(2) Hydrochloric acid diluted with 2 parts of water, or 20 percent sul- 
furic acid, is poured into the upper bulb; this passes into the bottom 
chamber, and rises to contact the zinc. 

(3) A wash bottle is placed in series between the generator and anae- 
robic jar. 

c. ANAEROBIC INDICATOR TuBE. It is advisable to place an indicator 
tube in each jar to determine whether anaerobiosis has been established 
and maintained. Add aseptically to a sterile tube of slightly alkaline 
nutrient broth containing 2 percent dextrose just enough sterile solution 
of methylene blue to give a slight blue or green. Complete decolorization 
of the methylene blue overnight indicates anaerobic conditions. 


d. DANGER oF Exptoston. The introduction of hydrogen into a jar 
containing air or oxygen must be done very slowly, to avoid danger of 
an explosion, which will occur if the catalyst becomes too hot. The flow 
of hydrogen should be reduced if the catalyst becomes red hot. Action 
of the catalyst is evidenced by the formation of water vapor within the 
jar and by warming of the catalyst. If the catalyst fails to function, it 
requires reactivation. (See fig. 24.) 
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Figure 24. Anaerobic jar showing Kipp generator, wash bottle, and anaerobe jar 
containing cultures. 


Section IV. GENERAL METHODS 
261. General 


a. PROPERTIES OF CuLtTuRE Mepra. (1) Any nutrient substance in 
which or upon which bacteria may grow is a culture medium. Some sub- 
stances, such as milk and potato, serve as culture media in their natural 
state; others are artificially compounded, such as nutrient broth and nu- 
trient agar. The most commonly used ingredient in artificial media is 
“peptone.” Bacteriological peptones are digestion (peptic, tryptic, or 
papaic) products of native proteins (meat, blood, gelatin, casein, etc.). 
Such peptones are not pure peptones in the chemical sense but are mix- 


tures of proteoses, peptones, polypeptids, and amino acids in various pro-- 


portions, depending on the substrates, enzymes, and manufacturing proc- 
esses employed. Some pathogenic micro-organisms are easily cultivated 
in simple peptone media; others require meat infusion or other enriching 
substances that provide essential growth-accessory substances, possibly 
of the nature of vitamins. For the cultivation of some bacteria suitable 
media have not been found. 

(2) The reaction of the medium (its degree of acidity or alkalinity), 
measured in terms of pH, must be suitably adjusted ; most bacteria prefer 
a neutral or slightly alkaline medium. 

(3) The buffer content of media.is of importance under certain con- 
ditions. Buffer substances serve to retard changes in the pH of the 
growing culture, thus permitting more abundant growth before a limit- 
ing acidity or alkalinity is attained. On the other hand, in a poorly 
buffered medium a recognizable acidity or alkalinity is more rapidly pro- 
duced. This fact is of importance in routine fermentation studies. Gen- 
erally speaking, meat infusion media contain more buffer than meat ex- 
tract media, and simple peptone media contain still less. Frequently phos- 
phates are added to media as buffer substances. 
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Media may be liquid or solid, the latter made so by the addition ot 
agar or gelatin. Since the melting point of gelatin is low, it can be used 
in solid form only for cultivation at or below room temperature. Since 
the melting point of agar is about 99° C., and its solidifying point ap- 
proximately 39° C., it may be used for the cultivation of micro-organisms 
at body temperature (37° C.) or, in fact, at any temperature below its 
melting point. Solid media are particularly important because they en- 
able one to separate single colonies for pure culture study from materials 
containing a mixture of micro-organisms, as well as to permit study of 
colonial characteristics. Liquid media are of limited value for isolation. 
They are extensively used in studying the characteristics of pure cultures. 
Certain substances may be added to basic media to detect certain bio- 
chemical activities of organisms or to make the media selective by inhib- 
iting the growth of certain organisms while permitting the growth of 
others. 

(4) The final step in the preparation of a culture medium is to sterilize 
it, that is, to kill by heat or remove by filtration all living organisms 
present, so that any growth following inoculation may be assumed to have 
originated in the inoculum. A medium so prepared and sterilized will 
retain its serviceability until it becomes too dry for use. Unless her- 
metically sealed, media should be stored in a refrigerator. 

b. CLASSIFICATION OF Menta. (1) For convenience media will be 
classified according to the purposes for which they are ordinarily used. 

Basic media contain peptone, peptone and meat extract, or peptone and 
meat infusion, usually with the addition of 0.5 percent sodium chloride. 
Agar is added when solid media are required. Such media supply the 
nutrients required by most bacteria. 

(2) Isolation media are used to obtain pure cultures of significant 
organisms, usually pathogens, separating them from others that may be 
present in the specimen or sample. Such media frequently contain 
ingredients that make them differential or selective and differential. Dif- 
ferential media may contain a carbohydrate and an acid-base indicator, 
making it possible to distinguish organisms that ferment the carbohydrate 
from those that do not. Selective media contain substances, such as dyes, 
bile salts, or other chemical substances that inhibit the growth of certain 
organisms and permit the growth of those that one is attempting to iso- 
late. For most isolation purposes a medium that is selective and differ- 
ential is superior to one that is merely differential. 

(3) Enriched media are usually prepared by adding blood, serum, 
ascitic fluid, or other special nutrient material (as indicated below) to 
basic media for the isolation and cultivation of organisms that are fas- 
tidious in their nutrient requirements. Usually such substances are added 
aseptically. 
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(4) Biochemical media are used as an aid in the identification of or- 
ganisms after they have been isolated in pure culture. In such media 
the organisms exhibit certain biochemical activities that sometimes can 
only be detected by the employment of test reagents. 

(5) Special media may be required for certain procedures. For in- 
stance, certain media are specified by the American Public Health Associ- 
ation as “standard” for the sanitary bacteriologic analysis of water and 
dairy products. 

c. CLARIFICATION, Clarification of the medium is sometimes required. 
Usually this can be accomplished by filtration through filter paper or cot- 
ton. For the removal of very finely divided particles egg white may be 
employed. Mix the white of an egg in a teacupful of the cool medium. 
Stir this into the balance of the medium. Heat slowly until the egg white 
has coagulated and then filter through paper or cotton. 

d. ADJUSTMENT OF HypDROGEN-ION CONCENTRATION. The hydrogen- 
ion concentration of media may be determined and adjusted by electro- 
metric or colorimetric methods. The colorimetric method is used most 
frequently, and is described below. 

(1) Equipment. A set of color standards is required. Color standard 
sets may be prepared for various indicators, such as phenol red, with a 
color range from pH 6.8 to 8.4, or brom thymol blue, with a range from 
pH 6.0 to 7.6. These sets are prepared at the Army Medical School for 
distribution to Army laboratories. The set of phenol red standards, which 
is the one generally used, consists of nine tubes covering the pH scale 
from 6.8 (yellow) to 8.4 (red), the interval from tube to tube being 0.2. 
In an emergency, accurate color standards can be prepared by the Gil- 
lespie method, described in Manual of Pure Culture Study, issued by the 
Society of American Bacteriologists. The latter method requires the use 
of a comparator block with six holes since each color standard consists 
of paired tubes; otherwise the technic is the same as that for the use 
of the Army Medical School Standards. 

(2) Technic. (a) Select the standard tube of the desired pH (most 
culture media are adjusted to pH 7.2 to 7.6) and place it in the right 
front hole of the comparator block. 

(b) Place immediately behind it a tube of medium to which no indi- 
cator has been added. (The medium is occasionally diluted, using 
1 part medium with 9 parts of distilled water. This dilutes the normal 
color of the medium, which sometimes interferes with color comparison. ) 

(c) Place a tube containing 10 cc of the medium to which has been 
added 0.5 cc of a 0.02 percent phenol red solution in the left front hole. 

(d) Place immediately behind it a tube of distilled water. 


(e) Hold the comparator block toward the daylight and determine 
whether the medium plus indicator and the water has the same color as 
the pH standard and the medium without indicator, 
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(f) If the medium is acid, as most freshly prepared media are, add 
measured quantities of N/10 sodium hydroxide to a 10-ce portion of the 
medium until the color matches that of the standard tube. If the medium 
is alkaline,* add measured quantities of V./10 hydrochloric acid until the 
medium matches the standard tube. 

(g) From the quantity of N/10 sodium hydroxide (or hydrochloric 
acid) used to adjust 10 cc of the medium to the desired pH, the amount 
of N/1 sodium hydroxide (or hydrochloric acid) required for 1,000 cc 
may be determined by multiplying the number of cubic centimeters of 
N/10 solution by 10. 

(h) After the addition of sodium hydroxide (or hydrochloric acid) 
to the entire lot of medium and thorough mixing, recheck the pH and 
readjust if necessary. 

e. STERILIZATION. After the medium has been distributed into tubes, 
bottles, or flasks, it is to be sterilized. Usually an autoclave is used with 
a steam pressure of 15 pounds (temperature 121° C.) for 15 to 30 min- 
utes, depending on the volume of medium in the containers. For some 
media flowing steam at atmospheric pressure (temperature 100° C.) is 
preferable. For this purpose employ an Arnold sterilizer or an autoclave, 
leaving the air vent open. To effect sterilization by the latter method it 
is necessary to repeat the process on each of 3 or 4 days, allowing the 
medium to remain at room temperature during the intervals. This is 
called “fractional” or “intermittent” sterilization or Tyndallization. (For 
further details regarding sterilization see paragraphs 27 and 28.) 


f. Storace. (1) After sterilization and labeling, media in cotton- 
stoppered tubes or flasks should be stored in a refrigerator or cold room 
to retard evaporation and to prevent undue exposure to light. Caps of 
paper or lead foil over the cotton plugs serve to exclude contaminants and 
reduce evaporation. 


(2) If beer bottles, caps, and a hand-capping machine are available, 
they may be used for the storage of media without refrigeration. A little 
air space must be present in each bottle to allow for expansion during 
sterilization, since the bottles are tightly capped before autoclaving. Am- 
ber bottles are preferred. In such bottles the sterile media may be con- 
veniently stored or transported without leakage, evaporation, or contami- 
nation. 


g. DEHYDRATED Mepra. Media in dry (powder) form are obtainable 
and may be used for the preparation of many of the media described in 
this section. They are mixtures of the dry ingredients or, sometimes, are 
prepared by evaporating the prepared media to dryness (dehydrated). 

?Since some change in reaction may take place during sterilization, it is desirable to make 
allowance for this. A medium with an initial pH of 7.0 changes very little, but if the initial 


pH is over 7.0 it usually becomes more acid. In other words, if the final desired reaction is 
pH 7.6, the medium before sterilization should be adjusted to pH 7.8 or 7.9, 
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Such media are accurately prepared by reliable commercial manu factur- 
ers. In the dry state, they are stable and keep well at room temperature 
if tightly stoppered to exclude moisture. 

h. NEUTRALIZING OR ANTIBACTERIOSTATIC SUBSTANCES. (1) Para- 
aminobengoic acid. This chemical neutralizes the bacteriostatic effects of 
sulfonamides in the culture media. Any medium that receives initial 
inoculation with a sulfonamide-containing material may require the addi- 
tion of 0.0002 percent of para-aminobenzoic acid. If para-aminobenzoic 
acid is not available, a similar concentration of procaine hydrochloride 
may be used. This particularly pertains to urine, blood, and to fecal cul- 
tures from patients who may have received sulfonamide therapy. 

(2) Sodium thioglycollate. This chemical incorporated in media not 
only permits the growth of anaerobic bacteria (because of its reducing 
action) but also neutralizes the bacteriostatic effects of mercurial and 
silver disinfectants. It is, therefore, very useful in media used for test- 
ing such disinfectants. Since mercurial compounds are often used as 
preservatives in plasma, serum, biologicals, and pharmaceuticals intended 
for parentaral injection, thioglycollate media should be used for testing 
the sterility of such products. A fluid thioglycollate medium may be pre- 
pared simply by adding powdered “thioglycollate supplement” to basic 
meat extract or meat infusion broth. 

i. SELECTIVE BACTERIOSTATIC SuBSTANCEs. (1) Dyes. When incor- 
porated in media many dyes have selective bacteriostatic effects, generally 
more active against gram-positive bacteria. Crystal violet, brilliant green, 
and basic fuchsin are thus employed in well-known selective media. Thi- 
onin and basic fuchsin are used in differentiating species of Brucella. 

(2) Sodium desoxycholate and other bile salts. In proper combination 
with other substances in media the bile salts inhibit the growth of gram- 
positive bacteria and so are useful in the isolation of gram-negative bac- 
teria from material in which both gram-positive and gram-negative bac- 
teria are present. On desoxycholate agar the motility and flagellation of 
all bacteria are temporarily suppressed and the swarming of species of 
Proteus is considerably inhibited. If citrates are also present, as in des- 
oxycholate-citrate agar or SS agar, the bacteriostatic effect extends to 
some of the gram-negative bacteria, notably the coliform bacilli. Bile 
salts may not be used successfully in media for the isolation of the 
gonococcus, meningococcus, or species of Hemophilus. 


(3) Potassium tellurite. This substance, when added to culture media 
to make a final concentration of 0.01 percent, inhibits the growth of most 
gram-negative bacteria but permits the growth of streptococci and other 
gram-positive organisms. If 0.03 percent of tellurite is used, most strep- 
tococci are inhibited but staphylococci and corynebacteria are still able 
to grow. Potassium tellurite is useful not only in agar for the isolation 
of Corynebacterium diphtheriae but also may be added to broth when one 
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is trying to isolate gram-positive bacteria, notably streptococci, from 
mixed culture material overgrown by species of Proteus or other rapidly 
growing gram-negative bacilli. For this purpose add to a 5-cc tube of 
blood or serum broth, 0.25 cc of a sterile (autoclave) 0.2 percent aqueous 
solution of potassium tellurite and inoculate with a loop of the mixed cul- 
ture. After incubation for 12 to 18 hours, transfer to a blood agar plate. 

(4) Chloral hydrate. When added to nutrient agar to make a finai 
concentration of 0.1 percent, chloral hydrate has little or no inhibitory 
effect on either gram-positive or gram-negative bacteria but does prevent 
the swarming of species of Proteus, rendering them temporarily non- 
motile. Unlike bile salts and tellurite, chloral hydrate does not lake blood 
and so may be used in blood agar plates without interfering with the 
development of characteristic zones of hemolysis by streptococci and other 
organisms. Add 0.25 cc of sterile (autoclave) 5-percent aqueous solu- 
tion of chloral hydrate to a 12-cc tube of melted agar or blood agar for 
plating. 


262. Basic Media 


a. Meat Extract Broru. 


EM ear leah ge SO eaics cis pigs Gh vin «bie valves ous we'e 6 3 gm 
RINE eta Le cee eis oe as wie Cy ose oid wea ua bine oS es eaaw a 10 gm 
PMI SRI EIE doo oe we hiele wan eae SS nee See oe aes UePOeeS 5 gm 
MRAM NU EEE ig csc) aww Shahn d Sis Gisiee awe Heck ED Od tea oie ld bah BoE 1,000 cc 


Add the weighed ingredients to distilled water and heat slowly to 65° C., 
stirring until dissolved. Adjust loss of volume or weight with distilled 
water, and if perceptibly turbid, clarify by filtration through paper. Ad- 
just to pH 7.2 to 7.6 Autoclave 15 minutes at 15 pounds. 

b. Meat Extract Acar. 


RM RM SCIS ANORAN es Ciclo <'s's aca wa ps bibaw sw) «ds gerins cemeeh evens 1,000 cc 
eu SMEAR. SCALMIEEE Po oni bin a dca’ 04s o e-¥inis.t tp3 Soe vee wees 15 to 20 gm 


Add agar to the broth and dissolve by boiling or autoclaving. Adjust pH 
to 7.2 to 7.6, dispense, and sterilize. 
c. Meat INFusIon Brora. 


Beef, veal, or pork finely ground and free from fat............. 500 gm 
NM a ead pte ca Sg We WEE OSL ob Caled aoe oe oro cet hatin 10 gm 
UMUMMER CRUE Os orev ciive win Sine cs Baw aie eae Chee Cee eee 5 gm 
RET MALE 570 Sica Cad bc VSR eds OHCE SOUT v Ca T De ete 1,000 cc 


Mix the meat and the water thoroughly and infuse for 1 hour at room 
temperature. Boil for 5 minutes, strain through gauze, and filter through 
paper. Add the peptone and salt, stir until the peptone is dissolved, and 
adjust to pH 7.8 to 8.0. Boil for 20 minutes and bring back to original 
volume (1,000 cc) or weight with distilled water. Check the reaction. 
If necessary, readjust to pH 7.6 and boil for 5 minutes. Filter through 
paper. Distribute into tubes, flasks, or bottles, and sterilize. 
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d. Meat INFUSION AGAR. 


Meat infusion broth.......... sn Aehas Gia a ous 44's j0i Se Os ee bao ee 

Agar (preferably. erant@lary... . pcoss cade csh es caeascseeet teenie 15 to 20 gm 
Add agar and proceed as in preparation of meat extract agar. Adjust 
to pH 7.4. 


e. SEMISoLID Mepia. Media containing 0.1 to 0.3 percent agar are 
known as semisolid. Many different types of semisolid media may be 
prepared, differing in agar content, in the basic liquid medium used 
(infusion broth, peptone broth, etc.) and in the special ingredients that 
may be added (serum, ascitic fluid, carbohydrates, indicators, etc.). 
These media are used especially in the study of anaerobic bacteria and 
in the cultivation and fermentation studies of gonococci, meningococci, 
and other fastidious bacteria. The basic medium is as follows: 

Infusion broth (beef, veal, etc.) or other type liquid medium....... 1,000 cc 

PASE STR is ig Sew he Peas LGEe Ra Oe TARE hie edn ce eee lto3gm 
Add agar to broth and dissolve by boiling. Adjust the reaction to pH 
7.6. Tube and sterilize in autoclave at 15 pounds for 15 minutes. Be- 
fore use, melt agar and drive off dissolved oxygen by boiling for 10 min- 
utes; cool rapidly, and inoculate. 

Small amounts of semisolid medium may be prepared as needed by 
mixing 1 part of infusion agar with 4 or 5 parts of infusion broth. 


263. Isolation Media 

a. EosiN METHYLENE BLUE (EMB) Acar (ror TypHorp-Paraty- 
PHOID-DysENTERY ISOLATIONS). Prepare as for Levine’s eosin methylene 
blue agar in water analysis (par. 266g) but reduce dye content a half by 
using 1 cc of 2 percent eosin and 1 cc of 0.5 percent methylene blue per 
100 cc of medium. 

b. DESOXYCHOLATE-CITRATE (DC) Acar (Lierson) (For TypHorp- 
PARATYPHOID-DysENTERY IsoLATIONS). This medium is available in 
dehydrated form. The growth of coliform colonies is largely inhibited. 

c. SALMONELLA-SHIGELLA (SS) Acar (For TypHorp-PARATYPHOID- 
DysEnTERY IsoLaTions). This is available in the dehydrated form too. 
It may be substituted for desoxycholate-citrate agar. 

d. SELENITE-F EnrtcHMENT Mepium (ror TypHorp-PARATYPHOID- 
DysENTERY IsoLations‘). This is available in a dehydrated form or can 
be prepared as follows: 


Sadun) .sord selenite Aanhydtous):.s:csdewdadadeae oa diubsdnekkeone 4 gm 
RTA ie ee os lsd sas Secturay lay Sales & emer a At eke cea are Oa 5 gm 
wodium, phosphate (anhydrous)... 05 ..<15 «cece sce cap octet eee 10 gm 
PISEHLCD “WALET 60d Sack ohare ce can ee eUREE TUTE ee eee 1,000 cc 


4 Determine experimentally the proportion of the monobasic and dibasic sodium phosphate that, 
together with the peptone and sodium acid selenite, will give a pH of 7.0. Dissolve the weighed 
ingredients in the distilled water by gentle heat, tube in 10 cc amounts and sterilize in Arnold 
sterilizer for not over 30 minutes, 
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e. BILE ENRICHMENT MepiuMm (For TypHorp-PARATYPHOID-DysEN- 
TERY ISOLATIONS). 


Ox bile (or equal volume of 10 percent solution of bile powder).... 900 cc 
UMS Copa raat a ees er ort Van’ void oo We nla plcee oblaware mabe 100 cc 
NR hee eal PT ie ag ord wit Gace: wima'esecmivic} wiesehiee a wale 20 gm 


Dissolve the ingredients over a water bath, distribute into tubes, bottles, 
or flasks, and autoclave 15 minutes at 15 pounds. 


f. DirupoNNE’s ALKALINE BLoop AGAR (FoR ViIBRIO CoMMA). 
NONE OU NIOM Se da a vee an Kid taind o Wr 040d 08 bes ar 150 cc 
remnants. SIUCEIICS (COORMIAIT os... cca tats cue cts céens a cae uocececes 150 cc 
Peamrrene -o percent neat (prt GB) ei eo. ses levee cee scccetsss 700 cc 


Mix the blood and alkali, and steam in an Arnold sterilizer 30 minutes. 
Then melt the agar, and add it to the mixture. Pour plates and allow 
them to harden uncovered but protected with paper. Place strips of filter 
paper between each dish and cover to absorb moisture and ammonia. 
Incubate 15 hours at 37° C. before using. 

g. LoEFFLER’s Meprum (For C. DIpHTHERIAE). (1) Collect beef, 
hog, or sheep blood in clean containers, and allow it to clot. Loosen the 
clot with a clean rod and store the container in a refrigerator. Pipette 
off the clear serum. To. 3 parts serum add 1 part meat infusion broth 
(pH7.6) containing 1 percent dextrose. Mix by stirring, tube, and 
inspissate in a slanted position, gently raising temperature to about 85° 
C. Hold at this temperature until the serum is firmly coagulated. Ster- 
ilize by fractional method (20 minutes on 3 successive days) in the Arnold 
sterilizers. After sterilization paraffinize cotton plugs and incubate the 
tubes to test for sterility. 

(2) Coagulated serum or egg slants may be prepared in the autoclave. 
Slant the tubes, several layers thick, in a wooden tray on the top shelf 
of a horizontal autoclave. Close the autoclave tightly, with air vents 
closed to retain the air, and autoclave at 15 pounds for 15 minutes. Open 
the air vent slightly and, without allowing the pressure to drop, allow the 
air to escape for about 10 minutes. Thereafter, close the air vent again 
and autoclave at 15 pounds for 15 minutes. 

h. TELLURITE Mepium (For C. DrpHTHERIAE). Melt a tube or flask 
of sterile meat extract agar, with or without 0.2 percent dextrose, and 
cool tg 50° C. For each 10 cc of medium add 1 cc of sterile, citrated, or 
defibrinated blood and 1 cc or a sterile (autoclaved) 0.2 percent aqueous 
solution of potassium tellurite. Mix and pour into Petri dishes. 


i, TRYPTOSE BroTH (FoR CuLTURING Brucella From THE BLoop) 


NN EEOC aid) Batic c cb bits paw Rie Fete d paleie eile Reatie meee les os 20 gm 
Seen heck 5, a ois.s 2 olhacs gaint ne meu eens Ge oem ees ne 5 gm 
PRINT RCIA atvai a ieicscicis. 9. cisco orere age Seaicia aia tien eee sola we Gio aia oreseibees oe 1,000 cc 


The medium should have a final pH 6.9+. 


j. TryptosE AGAR (For Brucella). (1) The basic formula is the_ 
same as that for tryptose broth, with 1.5 to 2.0 percent of agar added. 
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(2) For the differentiation of species of Brucella by the selective inhi- 
bition of dyes (Huddleson method), two separate media are prepared— 
one containing basic fuchsin and the other thionin. Add 1.0 cc of a 0.1 
percent aqueous solution of basic fuchsin or thionin per 100 cc of me- 
dium, making final concentrations of 1 :100,000. 

k. DEXTROSE CYSTINE BLoop AGAR (FOR PASTURELLA TULARENSIS). 
To meet infusion agar (pH 7.3-7.4) add 0.1 percent of cystine and, with 
occasional shaking, heat in flowing steam (Arnold sterilizer) for 2 hours. 
Cool to below 60° C., add 5 percent of sterile defibrinated rabbit or horse 
blood, and heat at 60° C. for 2 hours, twirling the flask occasionally to 
keep the blood well mixed with the agar. Add 1 percent of dextrose 
from a sterile 50-percent solution. Tube aseptically, slant and incubate 
to test sterility. 

l. Potato Giycerot Bioop AGAR (Borpet-GENGoU) (FoR HEMo- 
PHILUS PERTUSSIS). 


Mreshiy-and: finely: sliced. potat:)..>. io sh.5e55 35 3540canbe oh teeta 100 gm 
Glycerol. (4-percent aqueous solution)... os. 50.000 09 puaeaese swiss 200 cc 


Mix and steam or boil until the slices of potato are soft. Strain through 
gauze and allow the remaining particles of potato to sediment. Draw off 
the supernatant glycerol extract. 


Al VCOTOL ORITACE $s 0s GR ch cee StS oe LPL SADE bE Rede ee eeee 50 cc 
Sodium chloride 0:6-percent=aquebuss <7 sco sas see ce sae cess eee 150 cc 
Agar 2 eye i igen aa ee oes buhles So an Lae Ea Ee dae ES 5 gm 


Mix the ingredients, allow them to stand for 15 minutes to saturate the 
agar, and then autoclave or heat in flowing steam until the agar is dis- 
solved. The pH is about 6.0 and no adjustment is necessary. Distribute 
convenient amounts into tubes, flasks, or bottles, and sterilize in the auto- 
clave. Store until needed. 

For use, melt the agar, cool to 50° C., and add 20 to 30 percent of 
fresh, sterile, defibrinated rabbit, human, or sheep blood. Mix well by 
twirling the tubes or flasks, and slant in tubes or pour into Petri dishes 
as desired. 

m. PETRAGNANI MepiumM (For MycopacTEertuM TUBERCULOSIS). 


Potato (peeled and cut into small pieces).............ccececceeees 75 gm 
SIO. SINC ha Sos oe hares Bad Gletaea aie sR canta DUBE wa So enn ER 150 cc 
PONAID OME ooo tiaaits pike AAR A Sat Sa PIERRE DSRS é poe eee Lee 6 gm 
PP EPUOMG 6 Ss hess ie eens CaP be dean rece ee ea te eS eis te eee 10 gm 


Mix and heat in a double boiler for 10 minutes, with frequent stirring. 
After the mixture becomes pasty, continue to heat for 1 hour. Add 
sterile distilled water to make up volume, and cool to 50° C. Add the 
following mixture. 


Pete WHOLE)? is 0550s oss h vat pus hoa eae ae ee eee “ 
PSV Ts Goa a v's xs oe Vd Se VCO CaN OER ORE RW Ooo has ieee eee 1 
CaIPCREOI eS tical, eas Lshiwis Kinet Rane soe s aA eRe 12 cc 
Malachite green (2.0 percent aqueous solution)......sccccceceeeeere 10 cc 
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Mix thoroughly and filter through sterile gauze into a sterile distribut- 
ing funnel. Distribute into tubes. Slant and inspissate for 2 hours at 
70° to 75° C. on 3 successive days, or autoclave as described above under 
Loeffler’s medium. 

n. PETROFF’s MepiuM (For M. Tupercutosis). (1) This medium is 
composed of meat juice, eggs, and a minute amount of gentian violet or 
brilliant green. 

(2) In a cool place infuse 500 gm of beef or veal in 500 cc of a 
15-percent aqueous solution of glycerol; after 24 hours place in a sterile 
press and collect the meat juice in a sterile container. Immerse washed 
eggs in 70 percent alcohol for 10 minutes. Pick out with sterile tongs, 
flame, and break in a sterile container. Add 1 part meat juice to 2 parts 
eggs by volume (1 egg equals approx. 25 cc). Adda 1 percent alco- 
holic solution of gentian violet or brilliant green to make a final propor- 
tion of 1:10,000. Thoroughly mix the ingredients, tube, slant, inspissate, 
and sterilize in the Arnold sterilizer by the intermittent method, or auto- 
clave as described under Loeffler’s medium. ; 

o. SABOURAUD’s Mepra (For Funcr). (1) Isolation medium: 


Maltose, crude, or technical (or dextrose)... ...... ccc wee ccccoece 40 gm 
EE eee Gay the. i Geo a bye cus Aes SCC oa skeet ees. 10 gm 
SMM Ear Tiana craral syoiRojatela aA ori ais Relea a.Vitee ws eTele aie «POTS ead ie 20 gm 
Vile Pemeer ar teem ere micie eis ee tire en ante ile etree chee ome y ae ey ewig 1,000 cc 


[In a double boiler, steam bath, or autoclave dissolve the peptone and agar 
in the water. Add the sugar and again heat. Filter if necessary. No 
adjustment of reaction is necessary. Distribute into tubes, flasks, or bot- 
tles, and autoclave 30 minutes at 8 pounds. 

(2) Conservation medium: 


eR sitet bora 4 4G nik aid As gs ¥ eeGn Sia nc Ale OAM a Mb wa ell 30 gm 
ERR eee Cay Bx gh ae ss SF Mina DAE «2 sane: gate ge Ce CATR ese Rie 20 gm 
RON CR Ne eR Rte ene eae cgi s ort cota acais. oi Vins a6 pieces aves Welds ee eeu 1,000 cc 


Dissolve, distribute, and autoclave 30 minutes at 8 pounds. 
p. Corn Meat AGAR (FoR Funct). 


PRaeeny Netra er Ce as ole Saas sis ictedalahe ic, etd aie hinw code RECS Oe Oe eh 1,500 cc 
MOD otis beans ober gar. Sod $4 iS Pak Cis wd allenic 62 gm 
aM a ea ase a g's Sodom a we dec 2d nielsd = hein dso bis ad asec igaen Ses ahs deena 19 gm 


Heat water and corn meal at 60° C. for 1 hour. Filter through paper 
and adjust the volume to 1,500 cc. Add the agar and heat in an Arnold . 
sterilizer for 1% hours. Filter through cotton, tube, and sterilize in auto- 
clave at 15 pounds for 15 minutes. Adjustment of the reaction is not 
necessary. 

q. THIOGLYCOLLATE MEDIA (FOR ANAEROBES AND FOR STERILITY 
Tests). (1) Thioglycollate media are suitable for the growth of strict 
anaerobes without the use of anaerobic jars or other special equipment. 
These media are commercially available in dehydrated form. One of the 


two formulas approved by the National Institute of Health for sterility 
688862°—46—20 


295. 


testing of biological products is approximated below. To simplify the 
preparation of this medium and to furnish a means of adding thioglycol- 
late and indicator to other media when desired, a mixture® of sodium 
thioglycollate, dextrose, agar, and methylene blue is furnished under the 
name Thioglycollate Supplement. 

(a) Meat infusion thioglycollate broth: 


Ment tatision rots (iat: COLL). he occas sacs ote ven eege’s oe cake ae 1,000 cc 
Dipotassium pPhosplate 37.05 6.5 00S. SoS c ils ssl se es ecg es Semen wips 2 gm 
Thioglycollate supplement <...6..02..cs..csceeseecssessctesewevs 2.5 gm 
(Bice (uh ojer One Gy es Se MOET RCM em Ta his Ee Sn 4 gm 


Adjust reaction with sodium hydroxide to such a point as experience 
shows will result in a pH of 7.2 + 0.1 in the completed and sterile me- 
dium. Distribute in final containers and sterilize in the autoclave for 
20 minutes at 121° C. 
(b) Meat infusion thioglycollate.agar: 
Meat aniusion agat (pat. 2028)... sass: vdene cs ines caseseeaakeeuson 1,000 cc 
Atiorlycolate Supplement: s..).5 6s kusts ne os ans ob he dives Eee we eee 5 gm 
Adjust reaction and sterilize as in (a) above. This medium will contain 
0.2 percent dextrose; if more is desired, it may be added when the sup- 
plement is added to the agar. 
yr. ROBERTSON’s CooKkEeD-MrEAt Mepium (ror ANAEROBES). 
Beef heart, fresh and ground, with all fat, fascia, and blood vessels 


FEMIOVEM ya cin ese apts Bley coe hee Re bs aus op oe eae 500 gm 
PEDUONE =F 55is. i bos Saeko ie pe a peo a ee 5 cE ae ie ae Se ee Soe eee 10 gm 
Distilled water. Cocos he led wea ee ees bee ee Ass Ce ae eh eees 1,000 cc 


Mix the ingredients, and bring them to a boil. Adjust to pH 8.0. Allow 
the mixture to simmer 114 hours; readjust pH. Separate the broth from 
the meat and place the former into flasks. Autoclave 15 minutes at 15 
pounds. Place the meat on clean filter paper and dry in oven at 56° C. 
for 48 hours. Place the desired quantity of dried heart in a test tube 
and add 10 cc of the broth. Autoclave, cool, and titrate. Allowing for 
an acid drift, adjust the reaction so that medium will have a final pH 
of 7.4 to 7.6. Resterilize. 


s. DEXTROSE BRAIN BRoTtH (FoR STREPTOCOCCI AND ANAEROBES). 
eiresh Galf prai....%. cas ntalind take awSh biNGhGRS Os S5o Ree e ORES 5 to 10 gm 


Prepare a flask of veal infusion broth, adjust the reaction to pH 7.8, and 
add dextrose (1 gm per 100 cc of medium). Wash 5 to 10 pieces of 
calf brain, 1 cc in size, in running water and place in the bottom of a 
large test tube (200 25 mm); add 35 cc of infusion broth, autoclave 
at 15 pounds for 20 minutes, and cool. Remove 10 cc of the supernatant 
fluid and check the reaction. If the reaction is pH 7.4 to 7.6, it is satis- 


5 Composition of thioglycollate supplement: 


Sodium thioglycollate st). 64 sd20 bese 1.0 gm 
DEREPOSE Sars che distos Se: viss) Sicke CASES oh 1.0 gm 
AOI ws od Tee bili eens Oa eek BERS 0.5 gm 
Methylene: blte iiiiitivi ssc cae ekes 0.002 gm 
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factory, but if there has been a greater acid drift, adjust to pH 7.6. Esti- 
mate from the titration of the 10-cc portion the amount of NaOH re- 
quired to adjust the reaction for bulk of the broth. Then fill the desired 
number of tubes with similar quantities of the brain tissue and broth (pH 
adjusted, if necessary). Sterilize in the autoclave at 15 pounds for 20 
minutes. Incubate at 37° C. to determine sterility. 

t. DExTROSE INFUSION BrotH (AVERY) (FoR PNEUMOCOCCT). 


EMPL EIO HUET ODER rect Hehe ik et orcs Sav ia ate ieieca'e: fences 4; acaseuch one’oe ine aise sles 1,000 cc 
Cea E NOIRE Pere Pe ote arte are gate tina: eial) eco 9 $0,604 ciaievesa Goel wacelers 3 gm 
Sodium phosphate, dibasic....... See Sa OL ORE OES eR 2 gm 


Dissolve the dextrose and the phosphate in the broth, adjust the reaction 
to pH 7.8, dispense into tubes or small flasks, and sterilize. Add 2 per- 
cent sterile defibrinated blood (rabbit, sheep, or horse). 

u. TRYPTOSE PHOSPHATE BrotH (FoR BLoop CULTURE). 


PT CEMEEENE ete fea ds sue h< Mneensk ste thes ac ars caparaee 20 gm 
WIE MEOI SEI ee epic ne ecls WAS s CRs Ce Uae eaRT Meee ioe ee ek oe we sists 2 gm 
EE RIPE ST = rot ee ocak ce ee eee on deeb dense vee: 5 gm 
Sicetee Catrte MID RSIO ToL Foca a krk spc ew bw Coes once eesiss 2.5 gm 


ERS SOY PS ee rage ee ety acres ee es eet Berta ee Pee 1,000 cc 
Combine the ingredients, adjust the reaction to pH 7.3, and dispense into 
flasks in 100-cc quantities. Autoclave. The medium should be heated 
in a water bath at 100° C. for 10 minutes and cooled rapidly, without 
agitation, immediately before use. 

v. TRYPTOSE AGAR (FOR BLoop CuLtureE). This is the same as the 
medium for Brucella (described above), but without the addition of dyes. 


264. Enriched Media 


a. Broop Acar. Add 5 to 10 percent of sterile defibrinated or whole 
blood (human, rabbit, sheep, or horse) to infusion agar (preferred), or 
to tryptose or extract agar, that has been melted and cooled to 50° C. 
Mix well, pour plates or prepare slants, and incubate to test sterility. 
(The medium must contain 0.5 percent sodium chloride to prevent 
hemolysis of the blood.) 

b. Serum Acar. Add 10 percent of sterile normal serum (human, 
rabbit, sheep or horse) to infusion agar that has been melted and cooled 
to 50° C. Distribute into sterile tubes and slant, or pour into plates. 
Incubate to test sterility. Sterile ascitic or hydrocele fluid may be used 
instead of serum. 

c. EnrtcHep Liguip Menta. Liquid media may also be enriched with 
blood or serum as above. It must be remembered that serum and ascitic 
fluid contain maltase, which must be inactivated by heating at 60° C. for 
1 hour if these fluids are to be added to media containing maltose; other- 
wise a falsely positive fermentation of maltose will be obtained. 

d. CuHocoLtaTE Bioop Acar. Add 5 percent of sterile defibrinated 
blood (any species) to melted meat infusion agar at 50° to 55° C. Mix 
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carefully to avoid bubbles and slowly raise the temperature to 85° or 
90° C. Pour into plates or tube, and slant. Incubate ‘to test sterility. 
In appearance this medium is chocolate brown. 

Caution: The pouring of enriched agar into sterile Petri dishes must 
be done with the utmost caution. Since these plates are incubated to 
test their sterility, the presence of a single microscopic colony on the sur- 
face will result in gross contamination if, in streaking the plate, the 
inoculating loop is drawn through such a colony. 


265. Biochemical Media 


a. Basic BroTH (FOR FERMENTATION TESTS). 


Ae VIOSE SC ACHON, ak chins Swi} ood bw bce denise ee pes ke eee 10 gm 
Sfofe FUEL Fe ied el [ey @ 14 | Salepieey Wasa NUE a Sp oe A a Roa a eco aly Cet apie Reap ua RAS Vly hy, Yet 5 gm 
POLASSIN “PROSPNATS, WIDANC, <2 .5.545 053.5 6-5 2 eed ov apn awe ee Sead 1 gm 
PDISUUCH Vater Ses fos Os Ee RSE eat esaul ee hsbeoueseee 1,000 cc 


Mix the ingredients, adjust the reaction to pH 7.4, and add 1 cc of a 1.6 
percent alcoholic solution of bromcresol purple or other indicator. 

For studying bacilli of the colon-dysentery-typhoid-paratyphoid group, 
add 0.5 percent of the desired fermentable substances (for lactose broth 
use 1 percent). Distribute into fermentation tubes containing inverted 
vials. Autoclave for not more than 15 minutes at 15 pounds and cool 
immediately. 

For streptococci, pneumococci, species of Pasteurella, Corynebacterium, 
and Neisseria, and other bacteria, for which even slight acid production 
may be significant and gas production is not looked for, 5-cc amounts 
of the basic fermentation broth should be distributed into ordinary test 
tubes and sterilized in the autoclave. To each tube is then added aseptic- 
ally 0.5 cc or a sterile 5 or 10 percent aqueous solution of the desired 
test carbohydrate. The aqueous carbohydrate solutions are best sterilized 
by filtration through a candle or Seitz filter if facilities are available; 
otherwise they may be autoclaved for 10 minutes at 12 pounds. 

Unless fair growth of the organism occurs in the medium in the ab- 
sence of fermentable carbohydrate, the broth should be enriched by the 
aseptic addition of a few drops of sterile serum or ascitic fluid to each 
tube. 

b. SEMISOLID FERMENTATION-Mepium Base. A medium such as that 
described immediately above but to which 0.2 percent agar has been added 
is superior to the broth base for some of the more fastidious organisms, 
such as gonococci and meningococci, partly because the various levels of 
the semisolid medium provide different degrees of oxygen tension. If 
small amounts of acid production are significant, phenol red or brom 
thymol blue are better indicators than bromcresol purple. 

c. CLarK AND Luss Meprum (For VocEs-ProsKAUER AND METHYL 
Rep. TEstTs). 
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a ae 


Ee 


—_— ae ee 


ae 


PROMOS POtOMe: COCO)... kivcs ee cesccvecccacucecauenss pee eenes 5 gm 


EUR GINO PE Se IO Ce ed Wil -g 0 Ok Wks Acre ek Ree ea p SEN an 5 gm 
WII SEIMEI CRNAUIG. ow oc dev cc cece sevcccesecntecsnedese 5 gm 
IR MIEN beet Sito, ie Pa cigla xc bla’ oaveda lw sg Chew end seen 1,000 cc 


Dissolve by heating, filter, and then restore volume with distilled water. 
Tube in 10-cc amounts, and sterilize in the autoclave. 
d. RussELt’s DouBLE SuGAR AGAR (FOR DextRose-LAcTosE FERMEN- 


TATION ). 
ene eerte eer SNe TICNOM) 2a. os cae nh aoe be owe ome ciewwes saleeee 1,000 cc 
I een cya ics wa Gach alo eee: VER bed eiliined 10 gm 
NA Si eee iS aaa sf MES wae e's Hasan Cee wee ew ees 1 gm 


Dissolve the sugars in the melted agar and adjust the reaction to pH 7.2. 
Add 50 ce of a 0.02 percent aqueous solution of phenol red. Filter if 
necessary, tube, and sterilize in the autoclave. Slant with a deep butt. 

e. KLIGLeR’s IRoN AGAR (FOR HybROGEN SULFIDE PRODUCTION AND 
DexTROsE-LACTOSE FERMENTATION). This medium is similar to Rus- 
sell’s double sugar agar, with the addition of 0.5 gm of ferric ammonium 
citrate and 0.5 gm of sodium thiosulfate per liter of medium. Tube, 
autoclave, and slant with deep butt. 

f. Nutrient Gevatin. To extract or infusion broth add 10 to 12 per- 
cent of gelatin. Heat moderately in a steam bath (Arnold sterilizer) or 
in a double boiler until the gelatin is completely dissolved. Adjust the 
reaction to pH 7.4 to 7.6. Sterilize in the autoclave, and cool quickly. 
(Excessive or prolonged heating in the process of sterilization should be 
avoided since gelatin tends to hydrolyze and become acid.) 

g. Brom Cresot PurpLe Mirx. To fresh skimmed milk of good qual- 
ity (dehydrated skimmed milk may be used) add a sufficient amount of 
a strong aqueous solution of brom cresol purple to give an appreciable, 
but not too strong, color. Tube and autoclave at 15 pounds for 15 min- 
utes. The addition of 0.1 percent of peptone to the medium makes it 
more satisfactory for the “stormy fermentation” test for Clostridium 
perfringens (welchii). 

h,. PeEptoNE WaTER (DUNHAM) (FoR INDOL AND CHOLERA Rep 


TESTS). 
er eMIMG REINO a ys oceans Via ee Jcalbs an'c ak sake Rai aad ae Oo eee 10 gm 
DOMME CRIIRINI 2 ee ety cs ree cls pees eves Lek athe be onda 5 gm 
MURR, QUMde tae = 82 he EL ees a eee gat ees Fe 1,000 cc 


Dissolve the ingredients, by moderate heating if necessary. Adjust the 
reaction to pH 7.2 to 7.4, tube, and autoclave. It is advisable to check the 
medium with a known culture if it is to be used for the cholera red test. 


7. Leap ACETATE AGAR (FOR HyproGEN SULFIDE PRODUCTION). 


EE Og cava b's.< 0.05 ge du eeieRinle seh. 8 6 40a n wad Raven uae 20 gm 
IPS CE roar ee ead «ooo cai eee ae ora Ct Pelee cutee 15 gm 
GIS AIRE eo ce kc soa bck ce ORT ET Fade ec eee eee ee talee 1,000 cc 
Dextrose (25-percent aqueous sSolution).......cccsccccccscccccess 4 cc 


' . Basic lead acetate (0,5 aqueous SOlUtion)...srseevevvevreeeeeveess 100 cc 
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Dissolve the tryptone and the agar in the water, and adjust the reaction 
to pH 6.8 to 7.0. Add the dextrose solution and the lead acetate solu- 
tion, tube, and autoclave. The medium is not slanted after sterilization. — 
This medium may be made as a semisolid agar. It may also be pre- 
pared without the addition of lead acetate and used with lead acetate test 
strips as described in paragraph 276b(2). 
j. NirrAte Brotu (For Nitrate Repuction TEsrv). 


Penton. Ss Sas co hee SS ok cs A PRRs Ae ae 10 gm 
Potassnia: ostrate-juitrate: free) . .5 445 ss54. oc end vc bab 0 55 ore 1 gm 
Distilled water: (dinnonia-Tree) .., ssi ds0sces od odo os 20 5900.00 08 CREE 1,000 cc 


Dissolve by heating, adjust the reaction to pH 7.4 to 7.6, filter, tube, and 
autoclave. 
k, CITRATE AGAR (SIMMONS). 


Bipenesivinn Guléate i: iss sys bls calied Cis Mawel seo dbby sakt babe keene 0.2 gm 
atid PIOMGE:.. Sass a'4', 5 ake’ us Genie wee Mean ee DEOMI Sue 5 gm 
Ammoniumiacid phosphate CN Fg is: FO.) 5). 5.00. sce soir as teu eas 1 gm 
DOGS. CUTARG 1994 FAS) 5.20 cm > ty ele ch eae ps Seo a Meee eT Ee Ea eae 2.77 gm 
Distilled water: ss h44 SOsh eee ee RR Lb ra eee eee 1,000 cc 
AE isch oes cases cero oe Fb tce MES oie ee NSS as See eee 20 gm 
Brom thymol blue (1.5 percent alcoholic solution)................. 10 cc 


Dissolve the chemicals in the distilled water; add the agar and heat to 
dissolve. Adjust the reaction to pH 7.2, and add the brom thymol blue 
solution. Tube, autoclave, and slant. 

The medium should be tested with known cultures of FE. coli, A. aero- 
genes, S. schottmuelleri, and E. typhosa before using routinely. 

I. TARTRATE AGAR (JORDAN). 


AGATE 72 538 BEE ese hw ls aI wna GW Seale BOM og Ne ble wee siete eee 20 gm 
Peptoneier vais tse cna ee Tae Ghirs SPREE ole te RPE ee 10 gm 
Sodium: potassiuna stantrate, nis. th an suis me piin ae ieep sels seen ae 10 gm 
Sodium chloride ..... Shin wbie Gk se ak sath coon whe nok eee 5 gm 
Wistiied watetacs. Gacc ic he ch eine a aa was Naemee eee ee 1,000 cc 
Phenol red: (0:2 percent alcoholic solution) .....5..ccceccscssecvce 12 cc 


Dissolve all ingredients but the dye by heating, and adjust the reaction 
to pH 7.4. Add the phenol red solution, tube, and autoclave. 


The medium should be tested with known cultures of S. typhimurium, 
S. enteritidis, S. paratyphi, and S. schottmuelleri before using routinely. 

m.-SopIuM HippurATE BrotH (For Hyprotysis Test WITH 
BETA-HEMOLYTIC STREPTococcI). To infusion broth add exactly 1.0 
percent of sodium hippurate. Tube the medium, and mark the level of 
the medium in each tube with a heat-resistant wax pencil or in some other 
manner, and autoclave. After the culture has grown, immediately before 
testing for hydrolysis with ferric chloride reagent (par. 284), make the 
medium up to its original volume by the addition of distilled water. 

n. PoTATO SLANTS. Select large white potatoes; peel and scrub them 
thoroughly under running water. Cut cylinders from the potato with — 
a cork borer, Cut these obliquely into wedge-shaped pieces, and place 
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them in running water overnight to reduce acidity and to prevent dark- 
ening. Place in tubes, and to each add about 2 cc of distilled water ; auto- 
clave. 


266. Special Media 

a, DeExTROSE (GLUCOSE) BrotH. To 1,000 cc of extract or infusion 
broth add 10 gm of dextrose and heat slightly until dissolved. If neces- 
sary, adjust the reaction to the original pH of the broth. Sterilize in the 
autoclave. ; 

b. DextrRosE (GLucosE) Acar. Dissolve 1 percent of dextrose in 
melted extract or infusion agar. Adjust the reaction if necessary. Ster- 
ilize in the autoclave. 

c. GLYCEROL AGAR (FoR TUBERCLE Bacitr1). To 1,000 cc of melted 
infusion agar add 30 cc of pure glycerol. Mix thoroughly, and adjust 
the reaction to pH 7.2. Tube, autoclave, and slant. 


d. STANDARD Extract BrotH (ror WATER ANALYSIS). 


ere POEIRIgS -e cer hol SUS. Teed a a heuwe cones 5 gm 
UMAETIOMLUAES FC UACIO) oe. ia otha kb ce a DD ee eh aWew see kdes 3 gm 
mnt Meare Ua ey oe Sa eee ae aD et ia aici 1,000 cc 


Dissolve the peptone and beef extract in the water. If necessary, adjust 
the reaction to pH 6.4 to 7.0. Autoclave. 
e. STANDARD Extract AGAR (FoR WATER ANALysIs) (see also i be- 
low). 
Stamdara extract broth (as above). oii.c. cde eevee ie eincaceected 1,000 cc 
FAERIE eI ate CII Se alae 'd 6 ac Airn 0/5 eles ¥i5]0\e, Bohs Bate IU Oe Oate wt cans 15 gm 
Add the agar to the broth and dissolve. Mix thoroughly, and if neces- 
sary, adjust the reaction to pH 6.4 to 7.0. Distribute, and sterilize in the 
autoclave. 
f. Stanparp Lactose BrotH (For Water ANALysis). To standard 
extract broth (as above) add 0.5 percent of lactose. Adjust the reaction 
to pH 6.4 to 7.0 (preferably pH 6.9). Tube, and autoclave. 


g. Eostn MreTHYLENE BiuE (EMB) Acar (Levine) (For WATER 
ANALYSIS). : 


NMR ce nes IAG Eh aM ais > oe Rice Wiese ae bee ne be Sie tS Ge 10 gm 
IP @raScilitit “PhOsplate ‘eDASIC: «7. = os <sbw Seen Soaks teehee Cnoseteeeen 2 gm 
DNRC RR ee Lege Sot dee hae ak eae weve eo eben ee cov ave Ji peewee 15 gm 
SPIEGEL ODN. Serer cl ath clase wate. « Uist lata e CON whens gee wad oR ALES 1,000 cc 


Mix ingredients and dissolve by boiling. Restore the volume with dis- 
tilled water. No adjustment of reaction is necessary. Distribute 100-cc 
amounts into flasks and autoclave for 15 minutes at 15 pounds. Just 
prior to use, melt the above, and to each 100 cc add aseptically the fol- 
lowing mixture: 


Lactose (20 percent sterile aqueous solution)..............eee000. 5ice 
Eosin, yellowish (2 percent aqueous solution)............ceeeeeees ZACs 
Methylene blue (0,325 percent aqueous solution),,,.....ceeeeeeees 2 ce 


These quantities of eosin Y and methylene blue are based on the use of 
certified dyes with dye content of 85 and 90 percent, respectively. Mix 
thoroughly and pour into plates. Allow the medium to harden and incu- 
bate the plates to test their sterility. 

It is permissible to add all the ingredients to the stock agar at the 
time of preparation, distribute the medium into flasks, and sterilize in the 
autoclave. From this medium plates may be poured as needed. 

h. Britt1ANT GREEN Lactose BILE BrotH (FoR WATER ANALYSIS). 


PERCHES TACO) coh ce oo ks oo des bic deeeaaeee mr ptre Variere Pen 10 gm 
PACtOSES: Ais ASE s Gis Ths chews Bled Oe & 6 Swe Gubee sd BleE Ss Rin bbb ba ak Renae 10 gm 
Dispillednewateiey-.c2Gca%s was cies 4a Una Bye bahia soo bins Bis Rate 500 cc 
Dissolve, and add— 
SE MAS OL MNS a Pras he oe 5 Siew Ginette bikes os ae ee 200 cc 


(or 20 gm of dehydrated beef bile dissolved in 200 cc of distilled water). 
Then add— 


Distilied: waters Gd. Sisads. Cees Raa, iS eases ew ee te ed eee 975 cc 
Adjust to pH 7.4, and add— 

Brilliant green (0.1 percent aqueous solution)............eeeeeee: 13.3 cc 

Distilledswatet::G,2S AG .cuswieston so actor kickass eee ee 1,000 cc 


Filter through cotton, tube, and autoclave. The final reaction should be 
not less than pH 7.1 and not more than pH 7.4. 
1. TRYPTONE DEexTROSE (GLUCOSE) Extract MiLxk Acar. 


(1) For milk analysis. 


Wat “isis au eon Suipst eae Ye conan kee eouin eet eee 15 gm 
Beek: -ex tracts chica dco asic eis ol DAIS ES eae oe Lee Sn eR RE 3 gm 
Pay ptone = 1 DAC) os ssi ds wee eh sae bes oe eh ba eb Seen 5 gm 
DEXTROSE UU UCOSED  sevate as shies does ae ease Oe Se See Eee ee ane 1 gm 
Distilled water vols. wonc Seok eae ce LSE REESE eGR eaeor ees 1,000 ce 


Dissolve by boiling. Restore the volume by adding distilled water. Ad- 
just the reaction to pH 7.0. Add— 
UAIMOOCGMIC esi hn oa Arne) osels eos Clio te ocean ieee yoke te eee 10 cc 


Dispense measured amounts—100 or 200 cc in flasks or 10 to 12 cc 
in test tubes. Autoclave. 

(2) For water analysis. Prepare as above but omit the addition of 
skimmed milk. 

j. FretcHer’s Mepium (For Leptospira). A 12 percent solution of 
sterile rabbit serum in sterile distilled water is heated to 50° C. Aseptic- 
ally add 6 cc of 2.5 percent sterile, melted nutrient agar (pH 7.4), or 
7.5 cc of 2 percent nutrient agar, to every 100 cc of the serum water. 
Tube in 5-cc quantities, and sterilize by heating at 56° C. for 1 hour 
on 2 successive days. Incubate for sterility. 


267. Miscellaneous Solutions 


a. PHyYSsIOLoGiIcaL SALT SoLution (NorMAL SALINE SOLUTION). 
Sodhinay eninge. 505. Sevens pepe eee ecbuewan ees led taetaeencaeeen 8.5 gm 
Distilled water +265 ss Ee Cee EIS Oa A aS Sivrcsaken 1,000 cc 
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b. BUFFER SOLUTION, PH 7.4+. 
Sodium dihydrogen phosphate (NaH2PO.)............e cece ee eeee 28.81 gm 


Disodium hydrogen phosphate (NazHPO,)...........e cece eee eees 125 gm 

RE MEI ME BMS a aa don mcanidue cb0 60 ice VeN be eV gas ae om 1,000 cc 
c. SoptuM CHLORIDE SOLUTION (BUFFERED). 

Te Se ETONE  CAUE Is cc 5 ves tenes onic e Shes denise ce dein cnisie es ne 20 cc 

Reet CINE 7 a cy fc tis ead aie's < sc Upiaeiee dee § vcleev opie pniwe e's 8.5 gm 

RN eS Stina tip divas. sin's.0 44 > wia's s.¢ 5 9:4 ory 1,000 cc 


d. Soptum CiTrrRaTtE—SopriuM CHLORIDE SOLUTIONS (ANTICOAGU- 
LANT). To physiological salt solution (above) add 1, 2, or 10 percent 
sodium citrate. Sterilize in the autoclave. 

When used as an anticoagulant of blood, a final concentration of not 
less than 0.25 percent sodium citrate is required; therefore, to each 10 cc 
of blood add 3.3 cc of the 1 percent solution, 1.4 cc of the 2 percent solu- 
tion, or 0.26 cc of the 10 percent solution. 

e. PoTasstUM OXALATE SOLUTION (ANTICOAGULANT). 


NE EONAR cats gaara Ve oo oa wae as sik bin bs 63 hae wanes vee 2 gm 
SMUG EMMORIGE se see e cet ys serbia sceneseneseles tse reensesey ens 6 gm 
TI EE See eet ao ts ad ch ages Oe UG od bie Od Nig 98 Wed tips bee 100 cc 


To prevent coagulation add 1 cc of this solution to 10 cc of blood. A 
convenient method of collecting oxalated blood, as for Tillett and Gar- 
ner’s fibrinolytic test, is to place 1-cc amounts of a 2 percent solution of 
potassium oxalate (sodium chloride not required) in small, wide-mouth 
bottles, which are plugged with cotton and sterilized in the hot-air oven. 
The oxalate solution evaporates to dryness. Ten cubic centimeters of 
freshly drawn blood placed in the bottle, and immediately rotated to dis- 
solve the oxalate. By this method dilution of the blood is avoided. 

Caution: Since potassium oxalate is somewhat bactericidal, use so- 
dium citrate as an anticoagulant for specimens that require cultural 
studies. 


f. Soprum CarBonaTE Sotution. The addition of about 2 gm of so- 
dium carbonate (washing soda) per liter of water serves to prevent cor- 
rosion of instruments during boiling. 

g. DISINFECTANT SOLUTION (FoR Desk JAR Use). For use in jars 
and cylinders into which contaminated pipettes are placed, use a 2 or 5 
percent solution of liquor cresolis compound U.S.P. in tap water. 


Section V. BIOCHEMICAL TESTS 
268. Carbohydrate Fermentations 


Fermentation tests play an important part in the identification of bacteria. 
Fermentation media are usually prepared by adding 0.5 percent of the 
carbohydrate (1 percent in the case of lactose) to a sugar-free basic 
medium such as tryptose broth. To detect the production of acid or 
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alkali, an acid base indicator, such as phenol red or brom cresol purple, 
is usually added. To detect gas formation, a small inverted vial is placed 
in each tube of medium. 

The more commonly used differential carbohydrates are dextrose 
(glucose), maltose, sucrose (saccharose), lactose, xylose, arabinose, 
rhamnose, mannitol (mannite), dulcitol (dulcite), sorbitol (sorbite), 
inositol (inosite), glycerol (glycerin), glycogen, dextrin, starch, inulin, 
and salicin. 


269. Methyl Red (MR) Test 

The test medium (Clark and Lubs medium) contains dextrose and 
phosphate buffer. The test is performed after incubation of the culture 
for 5 days. Add about 5 drops of indicator (0.04 percent solution of 
methyl red in 60 percent alcohol). Read immediately. A red color (acid) 
is a positive test; a yellow color (alkaline) is a negative test; an orange 
color is an intermediate test. This test measures quantitatively the ability 
of an organism to produce acid from dextrose. If sufficient quantities 
of acids accumulate, the buffer capacity of the medium is overcome more 
or less completely and a positive or an intermediate test is obtained. 


270. Voges-Proskauer (VP) Test 

a. A culture in Clark and Lubs medium, incubated for 24 to 48 hours 
at 37° C. is used. Add to the culture an equal volume of 10 percent 
sodium or potassium hydroxide solution. Replug the tube and shake 
- vigorously at intervals for % hour. A positive test is indicated by a 
pink or red color. If negative, incubate at 37° C. for 18 to 24 hours, 
and reread. 

b. Another method that gives more rapid and more reliable results 
is that of Barrett. This test is performed by adding 0.6 cc of 5 percent 
alpha naphthol in absolute ethyl alcohol and 0.2 cc of a 40 percent sodium 
or potassium hydroxide solution to 1 cc of culture after incubation for 
24 to 48 hours. The color reaction is as above. 


c. By either method, a positive test is an indication of the accumula- — 


tion of acetyl-methyl-carbinol as an end product of dextrose fermenta- 
tion. It is sometimes referred to as the acetyl-methyl-carbinol (AMC) 
test. (See tables XXXI and XXXII.) 


271. Russell Double Sugar (RDS) Reactions (Dextrose Lactose 
Fermentation) 

The medium is inoculated by smearing the inoculum over the surface 

of the slant and stabbing into the butt. Read after incubation for 18 to 

36 hours. In this medium members of the colon-typhoid-dysentery group 

of organisms are differentiated as indicated in tables XXX and XXXI. 
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272. Kligler lron Agar Reactions (Dextrose Lactose Fermentation 
and Hydrogen Sulfide Production Tests, Combined) 


The method of inoculation and the interpretation of fermentation reac- 
tions are the same as those when Russell’s double sugar agar is employed. 
Kligler’s iron agar also indicates whether hydrogen sulfide is produced, 
as shown by blackening of the medium. (See par. 265.) 


273. Litmus Milk and Brom Cresol Purple Milk Reactions 

a. Litmus milk has a differential value based on lactose fermentation, 
reduction of litmus, coagulation of milk protein, and digestion of the 
casein, 

b. Brom cresol purple milk has the same uses but brom cresol purple 
is not subject to reduction as is litmus. Different degrees of acidity 
(lactose fermentation) or alkalinity are indicated by the color of the 
indicator. Reduction of litmus is indicated by its decolorization. Coagu- 
lation is detected by noting clotting of the milk (curd formation) and 
may be due to the formation of acid, producing a firm clot that does 
not shrink, or to the action of a rennetlike enzyme, producing a soft con- 
tracting clot unaccompanied by marked acidity. Digestion of the casein, 
indicated by a partial or complete clearing of the milk, may or may not 
be preceded by coagulation. 

c. “Stormy fermentation” is the term used to describe a reaction in 
milk such as that produced by Clostridium perfringens (welchii). It is 
the result of rapid coagulation followed by active gas production, which 
results in tearing up of the clot. 


274. Indol Test 


a. REAGENT. 


Paradimethylaminobenzaldehyde ......... ealesee aela wie MCCCRV RTE 5 gm 
I ok ig ci od dg ove gia bimaidin ve ce Me ae Pega ae eaeet tian 75 cc 
EE on eae ks a dig. agi v/aidacierwn- che es'ee (ssw bas PACS 


Dissolve the aldehyde in the alcohol, and then add the acid. The com- 
pleted reagent should be yellow or light brown. Store in the dark in a 
glass or rubber-stoppered, brown glass bottle. 

b. Test. (1) Culture the organism in tryptone broth or another suit- 
able medium® for 24 hours. 

(2) Add 0.2 to 0.3 cc of the reagent and shake gently. 

(3) Allow the reagent to rise to the surface of the medium and read. 

c. INTERPRETATION. The development of a dark red color in the re- 
agent is a positive test; no change in color, a negative test. 

d. INpoL PropucTIoNn. Oxalic acid paper may also be used to detect 


®The presence of tryptophane in the culture medium is essential for indol production. Most 
peptones made from casein contain an adequate amount of tryptophane. Tryptone (Bacto) and 
Tryptose (Bacto) are satisfactory brands and are standard items. 
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indol production. Filter paper is soaked in a saturated aqueous solution 
of oxalic acid, dried, and cut into small strips. A strip is looped over the 
inoculated medium (slant or broth), the ends held in place between the 
cotton plug and the test tube. The paper must not be allowed to become 
wet or to touch the medium. During the growth of the culture a light 
pink color on the paper indicates indol production. 


275. Cholera Red (Nitroso-indol) Test 


Add a few drops of concentrated sulfuric acid to a 24- to 48-hour pep- 
tone water culture. As in the indol test, the culture medium must contain 
tryptophane. Moreover, the peptone-water medium used for cholera red 
tests must contain an adequate amount of nitrate, but not an excess. A 
tryptone suitable for the test may be selected by testing the available lots 
with known cholera red positive strains. To insure a medium that will be 
satisfactory for the test any peptone that gives good indol tests may be 
used with the addition of 0.001 percent (not more or less) sodium ni- 
trate. The appearance of a red color is a positive test, indicating the 
presence of indol and nitrite. This test is not strictly specific for the 
cholera vibrio, 


276. Hydrogen Sulfide Production Tests 

a. RouTINE Metuops. Make stab cultures into lead acetate agar or 
lead acetate semisolid agar. Examine daily for the development of visible 
blackening of the medium along the stab. 


b. ALTERNATIVE MetTHops. (1) Kligler iron agar. See paragraphs 
265 and 272. 


(2) Paper strips of lead acetate paper suspended over the cultures 
(agar slants or broth’) may be used. The paper should not come in 
contact with the medium. During incubation of the cultures, observe daily 
for the development of a brown or black discoloration of the paper. The 
paper is prepared by soaking filter paper in a concentrated solution of 
basic lead acetate, drying, and cutting into strips. The strips need not be 
sterilized but should be kept in a dustproof container. 


277. Gelatin Liquefaction 

Inoculate nutrient gelatin by stabbing with a straight needle. Incubate 
at 20° to 22° C., and examine daily for several days to a week or more 
for the presence and type of liquefaction. For organisms that do not 
grow readily at low temperature, incubate at 37° C. for at least 5 days. 
Test for digestion of the gelatin by thoroughly chilling the tubes in ice 


™ Most commercial peptones contain sufficient sulfur to permit hydrogen sulfide production, but 
it is advisable to test them with a known positive culture. 
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water or ina refrigerator. If the gelatin has been more or less completely 
digested the medium will not solidify on cooling. 


278. Citrate Utilization 

Inoculate citrate agar (Simmons) slants or citrate broth (Koser). In- 
cubate for several days, and examine daily. Evidence of growth is a 
positive test. Simmon’s medium usually becomes alkaline (blue) if 
growth occurs; a few organisms produce an acid (yellow) reaction. 


279. Tartrate Utilization 

Stab inoculate Jordan’s tartrate agar. Incubate for several days, and 
examine daily. An acid reaction at the bottom of the tube is a positive 
reaction. 


280. Nitrate-reduction Test 


a. REAGENTS. (1) Solution A: 


Meera. BOR. CASS 2 og tO Biase dic dd wine Wis Fee Fo ap es eeee) aad’ 2 gm 

AME GES OU MD: EBORE Nf oie nd okt d ncn vn SN udhes ood Td cieieidmaee ces 250 cc 
(2) Solution B: 

eR MCGEE ee coos hm Lawes ges be.cmteiea s obig caseeme twee 1 gm 

ee A MICRDIIE ck, Cole pin scp < ce cs bes Cad s CM SES ewee secs 200 cc 


Filter through absorbent cotton. 

b. PRocepURE. Culture the organism in nitrate broth for 1 to 5 days, 
checking daily. Add about 0.5 cc of solution A, then 0.5 cc of solution B. 
Mix and examine. 

c. INTERPRETATION. A positive reaction for nitrite is indicated by a 
red, purple, or maroon color; negative, no color change. 


Caution: In certain cultures all the nitrate and nitrite may be con- 
sumed, resulting in a negative test for nitrite. Therefore, if no color is 
obtained, test for nitrate by adding a pinch of zinc dust to the culture 
containing the nitrite reagents and allow the tube to stand a few minutes. 
If nitrate is present, it will be reduced to nitrite and show the character- 
istic color reaction. 


281. Methylene Blue Reduction Test (A special test by same name 
is used for rapid grading of milk.) 


To a 24-hour broth culture add a sufficient amount of a 1 percent aqueous 
solution of methylene blue to make 1 part of reagent to 50 parts of culture. 
Incubate at 37° C., observing at hourly intervals for evidence of reduc- 
tion (decolorization). 


282. Oxidase Test (for Neisseria) 


This test is extensively used in selecting colonies for isolation and iden- 
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tification in the cultural diagnosis of gonococcus and meningococcus in- 


- fections. 


a. REAGENT. Use an approximately 1 percent aqueous solution (freshly 
prepared) of para-amino-dimethyl-aniline-monohydrochloride (dimethyl- 
paraphenylene-diamine-hydrochloride). The tetramethyl compound also 
may be used; it is somewhat less toxic to the bacteria but much more ex- 
pensive. 

b. PRocEDURE. Flood the surface of the plate culture with 0.5 to 1.0 
cc of the reagent. Colonies of oxidase positive organisms first become 
pink, then gradually darker through purple to black. The colony itself 
should show this color. Discoloration of the surrounding medium is not 
significant. Isolations from colonies must be made while they are still 
pink; later the organisms may no longer be visible. 

c. INTERPRETATION. The reaction is not strictly specific. Nonpatho- 
genic Neisseria and some other bacteria are oxidase positive. 


283. Bile-solubility Tests (for Pheumococci) 

a, BILE So_usitity. Autoclave fresh undiluted beef bile, filter through 
paper, and reautoclave. To 1.0 cc of the turbid broth culture add 0.2 cc 
bile. Use an untested portion of the culture for a turbidity control. Ob- 
serve for clearing of the culture over a period of 1 hour at room tem- 
perature. 

b. DESOXYCHOLATE SOLUBILITY. Prepare a 10 percent aqueous solu- 
tion of sodium desoxycholate (a bile salt), adding 1:50,000 Merthiolate 
as a preservative. Add 2 drops of the reagent to 1 cc of broth culture 
(not dextrose broth). Observe and read as above. 

c. SLIDE TECHNIC (FOR CULTURES THAT CANNOT BE SATISFACTORILY 
TesTeD By ABovE METHODS BECAUSE OF CONTAMINATION, ACIDITY, OR 
OTHER Reasons). On a slide place 1 loopful each of reagent, methylene 
blue stain, and broth culture (or suspension from colony). Observe 
microscopically immediately and at intervals for a period of % to 1 hour, 
if necessary, for disappearance of the pneumococci. 

d. PLATE TecHNic. Dust powdered sodium desoxycholate over some 
of the suspicious colonies on a blood-agar plate. If the colonies are com- 
posed of pneumococci, they will “disappear” (lyse) after 10 to 15 
minutes. 


284. Hippurate-hydrolysis Test (Ayers and Rupp) (for Beta-hemo- 
lytic Streptococci) 

Dissolve 12 gm of ferric chloride (FeCl,.6H,O) in 10 cc of a 2 percent 

aqueous solution of hydrochloric acid. Transfer 0.8 cc of culture in 

sodium hippurate broth to a small test tube (Wasserman tube) and add 

0.2 cc of the reagent. Mix immediately and observe after'10 to 15 min- 
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utes. A permanent precipitate indicates the presence of benzoic acid 
(hydrolysis of hippurate). 

Caution: Since sodium hippurate is first precipitated and later re- 
dissolved by the amount of reagent specified, and since benzoic acid is 
also redissolved by a greater excess of the reagent, it is necessary to have 
the reagent and medium balanced and to measure the amounts used in 
the test quite accurately. If the medium has evaporated somewhat during 
storage and incubation, the volume should be restored by addition of 
distilled water at the time of making the test. (See para. 265 m.) A 
control test of the sterile medium should always be made. If the culture 
is quite turbid, to confuse the reading of the result, it should be centri- 
fuged and the clear supernatant used for the test. 


285. Fibrinolytic Test (Tillett and Garner) (for Beta-hemolytic 
Streptococci) 

Dilute 0.2 cc of oxalated human plasma (add 0.02 gm of potassium oxa- 
late to 10 ce of blood and centrifuge) with 0.8 ce of physiological saline 
solution. Add 0.5 cc of a young (18- to 24-hour) turbid, broth culture 
of the streptococcus to be tested. Mix immediately, and add 0.25 cc of 
a 0.25 percent aqueous solution of calcium chloride. Mix and place in a 
water bath at 37° C. In about 10 minutes there should be a solid coagu- 
lum. Observe frequently and note the time when the contents of the tube 
become completely fluid. 

Caution:. The broth should not contain more than 0.1 percent of 
dextrose but may be enriched by the addition of a few drops of serum 
or ascitic fluid if necessary. The human plasma must be of known sen- 
sitivity. Plasma from certain persons, notably those who may have re- 
covered recently from hemolytic streptococcal infections, is not suitable 
for the test. 


286. Coagulase Test (for Staphylococci) 

To 0.5 ce of citrated human plasma, add 0.5 cc of a 24-hour culture of 
staphylococci in broth or a large loopful of growth from an agar slant. 
Incubate in a water bath at 37° C. and observe frequently. If coagula- 
tion of the plasma occurs within 3 hours, the test may be regarded as 
positive; the shorter the period required, the more strongly positive is 
the result. 


Section VI. SEROLOGICAL METHODS 


287. Preparation of Antigens 
The reliability of a serological test is dependent on having a satisfactory 
antigen. For agglutination reactions such antigens are dependent not 
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only on the specificity of the strain used but also on the dissociative 
phase in which the organism exists. Although some strains may be better 
antigens than others, in general, care should be exercised to use a smooth, 
motile (or nonmotile) strain that is typical in all respects. Antigens used 
for agglutination are suspensions of either living or killed organisms. 

a. LIVING CULTURES AS ANTIGENS. Very satisfactory antigens can be 
prepared by growing an organism in broth and using it without alteration. 
If the broth culture is centrifuged and the organisms are resuspended 
in physiological (normal) saline solution, the possible detrimental effects 
of constituents of the medium, or of complications in reading due to 
color of the broth, are eliminated. 

If the culture is grown on a suitable solid medium, such as an agar 
slant or plate, the organisms may be washed off with saline solution and 
used without further treatment. If soluble portions of the medium inter- 
fere with the test the suspension may be centrifuged and the organisms 
resuspended in saline. 

Although living antigens are satisfactory, their use is seldom necessary 
and should be discouraged because of the danger in handling them. 

b. PREPARATION OF KILLED ANTIGENS. A simple killed antigen, which 
may be used without risk of infection, may be prepared by killing broth 
cultures or a saline suspension with heat or with chemical reagents. 

(1) Heat-killed antigen. The bacterial suspension may be heated in a 
water bath at 70° to 80° C. for 30 to 60 minutes. To prevent drying 
of bacteria on the sides of the tube above the suspension, it is recom- 
mended that a stopper be inserted above the cotton plug, thus keeping 
the atmosphere in the tube saturated during the heating process. 

(2) Formalin-killed antigen. Usually 0.3 percent final concentration 
for formalin (formaldehyde USP) added to the suspension is sufficient 
to kill the bacteria; more may be necessary if a whole broth culture is 
used since formaldehyde reacts with amino acids and peptones and is 
partially inactivated by them. 

(3) Phenol-killed antigen. Add phenol 0.5 percent concentration to 
the broth culture or bacterial suspension. 

c. PREPARATION OF SPECIAL ANTIGENS. Some antigens are best pre- 
pared in a manner that enhances their value as diagnostic agents. Motile 
bacteria, notably species of Eberthella and Salmonella, yield additional 
information if the flagellar (H) antigens and the somatic (O) antigens 
are studied separately. The flagella contain one set of antigens, and the 
body of the cell contains a different set. Flagellar antigens withstand 
formalin but are destroyed by heat, phenol, or alcohol. Somatic antigens 
are not affected by any of these. Hence, it is possible to prepare an anti- 
gen that retains the flagellar components by killing an actively motile 
culture with 0.3 percent formalin; this antigen necessarily will also have 
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somatic factors present. On the other hand, an antigen containing only 
somatic factors may be prepared either from a nonmotile strain or from 
a motile strain, subjecting the latter to treatment that will destroy the 
flagellar components. 

(1) Preparation of flagellar (H) antigens. Select a smooth, typical, 
actively motile strain; if necessary, transfer it daily for several days to 
enhance its motility. It should then be grown on a suitable moist agar 
medium or in broth for 18 hours. If on agar, the growth is washed off 
with a minimum amount of normal saline solution and may, if necessary, 
be filtered through cotton or coarse filter paper to remove the coarse 
particles. If it is necessary to remove soluble constituents of the medium 
it may be centrifuged and resuspended in saline solution. If a broth 
culture is used, it may be killed without further treatment. or the cells 
may be packed by centrifugation and resuspended in saline solution. The 
bacteria may be killed either before or after centrifugation. In either in- 
stance 0.3 percent formalin is added to the concentrated suspension, 
which is then left at room temperature or at 37° C. for 24 hours. Steril- 
ity tests should be made, especially if the preparation is to be kept as a 
stock antigen. Concentrated stock antigens, so prepared, may be kept 
refrigerated for months. If necessary, as much as 2 percent formalia 
may be used as a killing agent, but the antigen must be so diluted that 
the concentration of formalin is reduced to 0.3 percent or less at the 
time of use. Also, at the time of use, the turbidity of the antigen should 
correspond to that of tube No. 3 of the MacFarland nephelometer scale. 
(See par. 3170.) 


(2) Preparation of somatic (O) antigens (Bien’s alcohol method). 
A nonmotile strain of the organism should be used, if available. Grow 
the bacteria for 18 to 24 hours on a suitable solid medium, preferably 
one that is not moist. Wash off the growth in a small amount of normal 
saline solution and add an equal volume of absolute ethyl alcohol; mix 
well and allow it to stand at room temperature overnight. The next day 
add normal saline solution equivalent to half the volume of the alcohol- 
antigen mixture, thus reducing the alcohol concentration to 33 percent. 
As a preservative add 0.5 percent phenol. The concentrated antigen may 
be kept for months, but for use must be diluted with saline solution until 
the alcohol concentration is not more than 12 percent and the turbidity 
corresponds to that of tube No. 3 of the MacFarland nephelometer scale. 

(3) Preparation of antigens for special organisms. (a) Brucella anti- 
gens. These are prepared by growing the organisms on a suitable solid 
medium. They are killed by heat (80° C. for 1 hour) and preserved with 
0.3 percent phenol. 


(b) Pasteurella tularensis antigen. This is prepared by growing the 
688862°—46—21 
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organisms on blood dextrose cystine agar, and killing it in suspension 
with 0.3 percent formalin. 

(c) Proteus OX19 (Weil-Felix) antigen. This is prepared from a 
nonmotile strain either by the method described above for O antigens by 
killing with heat (80° C. for 1 hour) and preserving with phenol. 

(d) Available prepared antigens. Bacterial antigens for tube aggluti- 
nation tests (medical supply) item 1701500 may be obtained by requisition 
from the Army Medical School. Antigens for species of Salmonella and 
Shigella are of no practical diagnostic value and therefore are not avail- 
able for routine issue. These infections are nearly always acute and there 
is not sufficient time for the production of antibodies in the patient. 
Diagnosis should be made by isolation of the organism. Then, if aggluti- 
nations are desired, the patient’s serum should be tested against an anti- 
gen prepared with his own strain. Similarly, antigens for the coli-aero- 
genes group of bacteria, for species of Clostridium and Hemophilus, for 
meningococci and for some other groups are of no diagnostic value. 


288. Preparation of Agglutinating Sera 

a. (1) Bacteria, when introduced into the body of an animal, bring 
about the production of antibodies. Among these antibodies are aggluti- 
nins, which may be titrated by means of agglutination tests. Since the 
agglutinins are specific for their respective antigens, antisera specific for 
various species or groups of organisms may be obtained. 

(2) The strain of bacteria to be used as an antigen for injection into 
animals should be selected carefully, using a typical, smooth organism 
having all of the somatic and flagellar antigenic components desired. 
The bacterial suspension is prepared, killed, and tested for sterility, as 
described above, but is frequently used in greater concentration than is 
an antigen used for the titration of agglutinins. 

(3) The rabbit is the laboratory animal generally used for immuniza- 
tion. The antigen is injected into the marginal ear veins in doses deter- 
mined by the toxicity of the organism. A suggested schedule for non- 
toxic strains is to give doses of 0.5, 1.0, 1.5, and 2.0 cc at intervals of 
5 to 7 days. Six days after the last injection 1’ or 2 cc of blood are taken 
from an ear vein and the agglutinins in the serum are titrated. If the 
titer is satisfactory, the rabbit is bled from the heart, and the serum 
separated and preserved by the addition of 50 percent of glycerin, 0.5 
percent of phenol, or 1:10,000 Merthiolate. If the titer is unsatisfactory, 
the rabbit is given additional injections and the titer of the serum re- 
checked. 


(4) Antigens of toxic strains of bacteria require a modified schedule 
of injections and it may be necessary to start by giving one or more 
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small subcutaneous inoculations to protect the rabbit against later intra- 
venous injections. 

(5) The prepared serum should be tested against homologous and 
heterologous antigens for titer and for cross reactions, respectively. 

b. Almost all agglutinating sera having practical diagnostic value may 
be obtained by requisition from the Army Medical School (medical supply 
item 1705000). The fact that they are readily obtainable should not, 
however, result in their being wasted. Sera having high titers should be 
diluted prior to their use. They should be used only when indicated. The 
habit of attempting to classify organisms by serological methods alone 
or by setting up an unknown organism against a wide variety of sera is 
wasteful of serum, confusing, and time-consuming. 


289. Macroscopic Agglutination Test (Preferred Method) 

The macroscopic agglutination test requires more equipment, material, 
and time than other procedures, but is the most reliable and exact. It 
is used for testing patients’ sera against known antigens (as in the Widal 
test) and for testing strains of unknown bacteria against known antisera 
as a method for identification and classification. (See table XXV.) 

a. ProcepurE. (1) Set up a series of small, clean test tubes in a rack. 
In a preliminary test, three tubes may suffice. In determining the titer 
of a serum, more will be needed. For illustration of the procedure, con- 
sider the use of 10 tubes. Number the tubes 1 to 10. 

(2) Place 0.9 cc of normal saline in tube No. 1, and 0.5 cc in all other 
tubes. 

(3) Add 0.1 cc of serum to tube No. 1. (If serum known to have a 
titer of 1:1000 or higher is being used, it will be economical to dilute it 
1:10 (or more) prior to use. This will make the initial tube dilution 10 
times as great, but the saving of serum will permit 10 times as many tests 
to be made. Likewise, if the serum has a titer of 1:2000 or higher, it 
may be diluted 1:20 (or more). Besides saving valuable serum, confus- 
ing cross reaction that might occur in lower dilutions will probably be 
eliminated). 

(4) Mix the contents of tube No. 1 and transfer 0.5 cc to tube No. 2: 
mix well. 

(5) Transfer 0.5 cc from tube No. 2 to tube No. 3, and continue seri- 
ally through tube No. 9 (next to the last tube). Discard 0.5 cc of the 
mixture from tube No. 9. The last tube, containing saline but no serum, 
serves as an antigen control. 


(6) To each of the 10 tubes add 0.5 cc of the antigen (turbidity that 
of tube No. 3 of the MacFarland nephelometer scale). 


(7) I£ an undiluted serum was used, the final dilutions will be 1:20 in 
tube No. 1, 1:40 in tube No. 2, etc., to 1:5120 in tube No. 9. In the case 
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of a serum of high titer diluted 10 times prior to use, tube No. 1 would 
have a dilution of 1:200, tube No. 2, 1 :400, etc. 

(8) The tubes are then ready for incubation in a water bath at 50° 
to 55° C. or at 37° C. in an incubator or water bath, depending on the 
equipment available, the kind of organism, etc. Some organisms are best 
incubated for a very short time and then placed into a refrigerator over- 
night. The following table gives the proper incubation temperatures and 
times. 


b. Reapinc. (1) Agglutination tests are read by examining and re- 
cording the degree and type of clumping of the bacterial cells. A com- 
plete reaction is one in which all the bacteria are clumped and the superna- 
tant fluid is water clear. This may be judged before agitation by com- 
paring each tube with the control. 


(2) The actual agglutination is seen when the tube is shaken gently 
and the settled clumps swirl up from the bottom of the tube. 


(3) Motile bacteria (H or flagellar antigens) form a flocculent or 
fluffy type of agglutination. The sediment swirls up readily and is easily 
broken up. 


(4) Nonmotile bacteria usually form a granular type of agglutination. 
The sediment tends to stick to the bottom of the tube and resists dis- 
persion. 


(5) All degrees of agglutination may be encountered: complete (with 
complete clumping and clear supernatant fluid), partial (showing some 
visible clumping but a “milky” or cloudy supernatant fluid), and negative 
(no visible change in the antigen-serum mixture). Results should be 
recorded as complete, partial, or negative. 


Caution: There is a tendency to waste sera and antigens which, under 
present conditions, are difficult to obtain. A little economy and judgment 
will make it possible to perform several times as many tests with the same 
amount of material as would be permitted by a more wasteful procedure. 
Conservation of serum has already been indicated in the above methods 
by the dilution of high-titer serum 10 or 20 times before use. There are 
times when it may be necessary to use fairly concentrated sera, but often 
a first dilution of 1:100 will give an adequate test: Serum diluted 10 or 
20 times in normal saline may safely be kept in the refrigerator for weeks 
or months. Undue contamination should be avoided. A drop or two of 
chloroform will protect it from gross contamination. 


Conservation of antigen may be similarly accomplished. In routine ag- 
glutination tests, a preliminary one using only two or three tubes is just 
as valuable if the result is negative; and if the test with one of the anti- 
gens is positive, it may be reset using higher dilutions of the serum. 
There is no reason to use 10 tubes of each antigen against each patient’s 
serum, nor is there an antigen control for each serum. One control per 
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day for each antigen is sufficient. Economy permits many more tests to 
be made from one bottle of antigen. 


290. Widal Test (Diagnostic Titration of Agglutinins in Patients’ 
Sera) 

a. The Widal test was originally a microscopic method for testing a 
patient’s serum for the presence of typhoid agglutinins, but this name is 
frequently applied to macroscopic agglutination tests for the serodiag- 
nosis of other febrile diseases. The commonly used antigens now include 
Eberthella typhosa (H), E. typhosa (O), Salmonella paratypha (para- 
typhoid A), S. schottmuelleri (paratyphoid B), Proteus OX19 (for 
typhus), Brucella abortus, and Pasteurella tularensis. 

b. The procedure is to set up agglutination tests using the patient’s 
serum against either living or killed antigens of the above organisms. 

Caution: It is highly dangerous to handle living cultures of these or- 
ganisms, especially Br. abortus and P. tularensis. 

Since it is common practice to test a patient’s serum against all the 
above antigens to obtain a differential diagnosis as promptly as possible, 
the laboratory worker must modify his technic for reasons of economy. 
Since usually none or only one of the antigens will show a positive result, 
it is wasteful of material, time, and effort, as mentioned above, to set up 
10 or more dilutions of serum for each antigen. If three or four dilu- 
tions are made (for example, 1:20, 1:40, 1:80, and 1:160), sufficient data 
are obtained for diagnosis. If, later, more information is desired, any 
one antigen may be set up against as many serum dilutions as is neces- 
sary. When several tests are being made during a single day, one set oi 
antigen controls is sufficient. 

c. Time is required for antibodies to develop in the blood of a patient. 
In typhoid fever demonstrable agglutinins appear 8 to 10 days after 
symptoms appear. Thereafter the serum antibodies reach a peak and 
recede during and following convalescence. Since vaccination against 
typhoid fever results in the production of agglutinins that may be con- 
fusing, the best means of diagnosing typhoid fever in Army personnel is 
to detect a significant rise in either the H or O titer as the disease pro- 
gresses. 

d. The most reliable test is the macroscopic tube agglutination test, but 
under certain conditions, a macroscopic slide test is advisable. (See par. 


292.) 


291. Weil-Felix Reaction 

a. This is a macroscopic tube agglutination test used in the diagnosis 
of rickettsial diseases. The antigen employed in a strain of Proteus, orig- 
inally isolated from the urine of a typhus patient. This organism, Proteus 
X, is not the etiologic agent and except for a common antigen has no 
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relation to species of Rickettsia that cause these diseases. As an antigen 
for agglutination only the nonmotile (O) variant of Proteus X, living or 
heat killed, is used. The OX19 strain is used for the diagnosis of typhus 
(epidemic and murine) and Rocky Mountain spotted fever, and the 
Kingsbury strain, OXK, is used for tsutsugamushi fever. Agglutinins 
for Proteus X appear in the blood stream during the febrile part of the 
disease, gradually increase in titer during early convalescence, and dis- 
appear in late convalescence. An increase in agglutinin titer is of the 
greatest significance. 


b. Agglutination of Protews OX19 alone cannot be used to distinguish 
the two types of typhus fever from Rocky Mountain spotted fever. A 
positive agglutination titer of 1:100 is significant, and an increase in titer 
during the course of the disease is of primary importance. In typhus a 
titer of 1:1000 is frequent, and even higher titers are obtained. In 
Rocky Mountain spotted fever a titer of 1:10,000 has been found. Pro- 
teus OX2, variant, has been suggested to differentiate Rocky Mountain 
spotted fever from typhus, but its specificity is of questionable value. 
Confirmed cases of typhus fever have been reported in which the Weil- 
Felix test was never positive. 


292. Macroscopic Slide Agglutination Test 

a. A serological test that is gaining in popularity and is especially 
adaptable to field conditions is the macroscopic slide agglutination test. 
Little equipment is needed. 


A concentrated antigen is required and may in an emergency be pre- 
pared by suspending the entire growth from an agar slant in not more 
than 1 cc of normal saline solution. A so-called “Febrile Antigen Kit” 
is available commercially. This kit contains the following antigens: E. 
typhosa (H), E. typhosa (O), S. paratyphi, S. schottmuelleri, Br. abor- 
tus, and Proteus OX19. These concentrated antigens, prepared and 
standardized by the methods recommended by H. W. Welch, contain a 
dye to facilitate reading. They have been so standardized that when 0.03 
cc (regulated by a standardized dropper pipette) is added to 0.08, 0.04, 
0.02, and 0.01 cc of serum, reactions comparable to serum dilutions of 
1:25, 1:50, 1:100, and 1:200 by the tube agglutination technic are ob- 
tained. The only pieces of special equipment needed are a glass plate, a 
wax pencil, and a 0.2 cc serological pipette calibrated in hundredths of a 
cubic centimeter. 

b. Series of four or five rings for each antigen are drawn on the glass 
plate by means of a wax pencil. The various amounts of serum are 
pipetted into the appropriate rings, and then a drop of antigen is added 
to the serum in each ring and mixed with a loop or toothpick. To effect 
intimate mixing and to facilitate clumping, the plate is gently rocked with 
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a rotating movement. Readings should be made after every 5 rotations 
of the plate and, finally, after 20 rotations. If the atmospheric humidity 
is high or if the plate is protected against evaporation, readings may be 
taken over a longer period. If evaporation of the serum-antigen drops 
occurs, pseudo agglutination, due to the increased concentration of salt, 
may appear. 

c. By a similar technic, unknown organisms serving as antigens may 
be identified by agglutination with known antisera. Leptosprrosis may 
be studied, using antigens prepared from cultures of Leptospira. (Medi- 
cal supply item 1701500, as supplied, has not been standardized for use 
with the above procedure. ) 


293. Microscopic Agglutination Test 


Microscopic agglutination tests may be made by mixing droplets or loop- 
fuls of serum and antigen on ringed slides or on cover slips over concave 
slides. Clumping of the cells is observed under the microscope. As com- 
monly used, the technic is crude. Dilutions are made by mixing a drop 
or loop of serum with drops or loops of saline. Serum sensitivity, salt 
sensitivity, and the natural clumping of some organisms make the reading 
of results difficult. This method is not advocated. 


294, Pneumococcus Typing (Neufeld Reaction) 

The Neufeld or Quellung reaction is a rapid method for the typing of 
pneumococci when they are visibly present in materials, such as sputum, 
taken directly from patients. The time required is less than 30 minutes. 
The method should be used only after pneumococcuslike organisms in ap- 
preciable numbers have been seen in a stained smear. It is less applicable 
to the typing of cultures or of material from patients receiving sulfona- 
mides. 


7 
é 
? 


ry 


@® Type I pneumococcus in sputum mixed with type II antiserum; no swelling 
of capsule. 5 
@ Type I pneumococcus in sputum mixed with type I antiserum; swelling of capsule 
(Neufeld reaction). 
Figure 25. Diplococcus Pneumoniae—Showing Neufeld reaction. 


a. COLLECTION OF SPECIMEN. A small sample of sputum, coughed up 
by the patient from the deeper air passages and as free as possible of 
saliva, is collected in a sterile Petri dish or wide-mouthed bottle. I 
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should be typed without undue delay. Preferably the sample should be 
collected before beginning treatment with sulfonamides, which interfere 
with this test. Samples with few pneumococci, or which otherwise give 
poor results by this test, may be inoculated intraperitoneally into a mouse, 
and the mouse’s peritoneal washings used 6 to 18 hours later for this 
or other typing effort. Specimens of spinal fluid and cultures in blood 
or serum broth may also be typed directly. 

b. Matertats. The following materials are necessary: 

(1) Platinum loop (1 mm) for transferring sputum. 

(2) Platinum loop (4 mm) for transferring serum and dye. 

(3) Loeffler’s methylene blue (not required if dye is already present 
in the typing serum). 

(4) Glass slides and cover glasses. 

(5) Typing sera (rabbit) ; types I to XX XIII monovalent and group 
mixtures—A (types I, II, VII); B (III, IV, V, VI, VIII); C (1X, XI], 
Mae oY eh, AA) SD CX, hE, SE XX, XK, RIV) EB 
XVI, XVIII, XIX, XXI, XXVIII) ;s F (XXIII, XXV, XXVIII, XXIX, 
XXXI, XXXII). These sera may be available in capillary tubes, each 
with enough for one test, or in small (1-cc) bottles. 

c. TeEcHNIc oF Test. (1) Divide three clean slides in halves with a 
wax pencil, and label the halves A, B, C, D, E, and F. 

(2) Place a tiny fleck of sputum in the center of an area on a slide, 
using the small platinum loop. 

(3) Add the typing serum, using the large loop, or express it from a 
capillary tube. 

(4) Add a large loopful of methylene blue (unless dye is already pres- 
ent in the serum). 

(5) Mix the materials on-the slide thoroughly and apply a cover glass, 

(6) Let the preparation stand for 5 minutes (prepare other slides while 
waiting). 

(7) Examine under the oil-immersion objective for dark blue diplo- 
cocci surrounded by unstained areas with definite outlines (swollen cap- 
sules). Only small indistinct capsules are seen around pneumococci mixed 
with heterologous antisera; large distinct halos surround pneumococci 
mixed. with the homologous antiserum. If none of the group mixtures 
are found positive at first examination, yet pneumococcus-like organisms 
were seen in a stained smear, reexamine the typing preparations from 
time to time over a period of 30 minutes. - 

(8) A positive reaction having been found in one of the group mix- 
tures, repeat the test with each type of serum represented in that mixture 
until the positive type or types have been determined. 

Caution: A certain amount of danger to the technician is involved in 
performing Neufeld tests, owing to the possibility of tuberculosis infec- 
tion, particularly in civilian hospitals, In some laboratories, lantern- 
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slide cover glasses are used in place of ordinary slides. These permit the 
placing of six preparations under ordinary cover glasses, and still pro- 
vide sufficient margin so that the fingers of the technician are not con- 
taminated by sputum while examining the slide. If ordinary slides are 
used, the technicians should appreciate the dangers of auto-infection and 
act accordingly. 


295. Meningococcus Grouping 
a. GENERAL. (1) The more important meningococci are divided into- 


groups I, II, and II alpha, for which diagnostic agglutinating sera are 
available. There is also available a polyvalent serum containing agglu- 
tinins for all three groups. 

(2) There are three procedures for the use of these sera—namely, 
slide agglutination, test-tube agglutination, and the Neufeld (Quellung) 
reaction. The slide agglutination test is not easily interpreted and is not 
recommended. Some meningococci, namely, those of groups I and II 
alpha, produce capsular material and may produce a Quellung reaction 
when set up against homologous antisera. Groups II and II alpha may 
be differentiated from each other in this manner. The procedure is the 
same as that used for pneumococcus typing. 

(3) The preferred method for identifying and grouping the meningo- 
cocci is the macroscopic test-tube agglutination test, carried out with 
monovalent sera of each group and a polyvalent serum. Normal horse 
or rabbit serum, if available, should be set up as controls. These are in- 
cluded to determine whether or not the organism is sensitive to normal 
serum. Polyvalent serum is usually produced in horses, whereas the 
monovalent groups sera are produced in rabbits. 

(b) Procepure. The test is carried out as described in the procedure 
for the macroscopic agglutination test (par. 289), with the following 
modifications : 

(1) Use eight tubes or less, according to titer of serum (seven serum 
dilutions and one antigen control). 

(2) Use 0.8 cc of saline and 0.2 cc of serum for the first tube, making 
a serum dilution of 1:5, and prepare serial dilutions in the remaining 
tubes. 

(3) A living antigen is prepared by suspending the growth from a 16- 
to 24-hour slant culture of the unknown organism in normal saline. This 
should be accomplished by rolling the tube gently between the hands. No 
particles of agar should be included in the suspension. A wire loop or 
moistened swab may be used to loosen the growth from the slant. Dilute 
the suspension with normal saline solution until the turbidity corresponds 
to that of tube No. 3 of the MacFarland scale. 

(4) Add 0.5 cc of the antigen suspension to each tube of the diluted 
sera and to the antigen control. The final serum dilution in the first tube 
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will be 1:10. Since a living antigen is being used, the tops of the tubes 
should be flamed before being incubated, and preferably plugged with 
cotton. 

(5) Shake the tubes vigorously for a minute, and place them in a water 
bath at 37° C. After 2 hours read, record, and place in a refrigerator. 
Read the final results on the following morning. 

c. SMALL LaporatoriEs. These laboratories should use only the poly- 
valent serum. If it is necessary to determine the group of the organism, 
a culture should be forwarded to the proper service command laboratory 
or general medical laboratory, where the group will be determined. 


296. Salmonella Typing 

a. The Salmonella group of bacteria may be classified serologically ac- 
cording to the Kauffmann-White scheme by a study of their H and O 
antigens. Such a study requires special training and the use of special 
procedures. Specific H and O antisera are needed. Under present con- 
ditions trained personnel and sufficient sera are not available in quantities 
that will allow many laboratories to do this typing. An attempt has been 
made to supply those service command and general. medical laboratories 
having trained personnel, with the sera to do complete antigenic analyses. 
Other laboratories should submit unclassified strains to one of these lab- 
oratories. The following brief description is intended to promote an 
understanding of the procedure: 

b. An O antigen is prepared from the unknown culture by suspending 
the growth from an agar slant in 1 cc of absolute alcohol. This is heated 
at 60° C. for 1 hour, centrifuged, and suspended on 0.5 cc of normal 
saline solution containing 0.5 percent phenol. Using the macroscopic 
spot agglutination technic, the antigen is tested against 26 basic O anti- 
sera and then against absorbed single factor O antisera. This places the 
strain in a specific O group. 

c. For determining the H factors, a young, motile broth culture, killed 
by the addition of an equal volume of normal saline solution containing 
0.6 percent formalin, is used. To 1-cc portions of this antigen are added 
0.02-cc amounts of the possible or suspected H antisera. The tubes are 
incubated in a water bath at 50° to 52° C., and read at intervals up to 
2 hours. A typical floccular, flagellar type of agglutination usually occurs 
in 30 minutes. By use of the basic H antisera and absorbed single factor 
H antisera, the flagellar or H antigens, both phase 1 and phase 2, are 
determined. This procedure is rapid and extremely valuable for epidemi- 
ological studies, especially those related to food poisoning outbreaks due 
to species of Salmonella. The antigenic components of a few of the com- 
moner species and strains are shown in table XXVI. 
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Table XX VI. Partial Kauffman-White schema of salmonella classification showing 
typical members of each group and those most commonly encountered* 


H antigens 
Group and components O antigen 
Phase 2 
Group A: 
S,: paratyphi- Aas.) See uch es 4 {1}, 41; AL: x 
Group B: 
S) Para tyouie et ee Ser ee (7); TV) [Vi], eles 12 
Sty phimueniiy see oe a (, TV; [Vj,2011 ;.. Hee A Haat 
S.ssan Gilesgate Se ee TV 204, ced S, €,n,Z15--- 
Srsaint pallies 8 Se LAV Vex : hae he eee 
Si abortusequis--2- 2 = See = 2: | BV fee, Ui Brae e,n,x.. 
S Hrecetey— creed ss Soe ces DTV, (XOeVi Xa. be Bare 
Group C: 
S. paratyphi C (hirschfeldii)-__| VI, VII...[VI] PEERS 
Sacholeraesinss- 3408 23 ae ViAvis 1,5 
S.oranienburp = Sse ee ee Wit N13 
, Danes Roe ec Jo Sc Vi, VIL... ie 
Scniomtevideo= aes sees AG GE (a 
S;mlew porta os fees ete NI VAT? i eye 
SO. 2 aes Leas. Wil. VELA 15E4 
Group D: 
UR te hr te eed IX, XII...[VI] 
ee enterittidais. 22>. (2 3e-5. <5 [, IX, As 
Bo patiama ct 52205 sete oe A IO Della 125.5 
Sa vaetia ss a I TT 1575 
Group E 
BV Gs on tag aoe ae III, X, XXVI ey fei 
Seanad Ace ee er ee on III, X, XXVI Esk 
Brana Soo shee ee III, X, XXVI 16. % 
Se WinetONnes = koe yes ee ee III, XV 1:63. 
S- senttenbero 2 26.5 ee Bee te 1, ATF, Ise 
Further groups: 
S, FUbIGIW eos hee tee XI e,n,X.. 
S,-worthing to@2s.s22 <2 5525 222 I, XIII, XXIII 2. 
S;-onderstepoort: Sis es (1), VI, XIV, XXV (PASS 
S. Hallerups 2 oe ee XXIX [VI] 


*Certain of these names do not agree with officially accepted rules of nomenclature but are terms in 
general use. 


[ ] These antigens may be present. 
( ) Only a part of these antigens are present. 
. + Abbreviated formulae. 


297. Streptococcus Grouping and Typing 

The classification of streptococci is incomplete without consideration of 
their antigenic components. To date, such serological studies have been 
confined largely to the beta-hemolytic streptococci. By the precipitin 
technic of Lancefield these may be assigned to a number of serological 
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groups, designated by letters A, B, C, D, E, F, G, H, and L. Within 
these groups a number of types may be distinguished. Types are desig- 
nated by numbers, 1, 2, 3, etc. Since beta-hemolytic streptococci of group 
A are responsible for most of the acute streptococcal infections of man, 
since some of those of group C play a similar role in animal infections 
and since other beta-hemolytic streptococci are not uncommonly harbored 
in the human throat, intestine, and genital tract, the serological grouping 
of streptococci sometimes assumes major diagnostic significance. As 
there are many types within group A, the determination of type is of 
great assistance in epidemiological studies. 

a. GROUPING. Grouping requires the use of specific grouping antisera 
and antigens extracted from the streptococci. 

b. Typinc. Griffith divided group A beta-hemolytic streptococci into 
26 antigenic types, numbered 1 through 30, but excluding types 7, 16, 
20, and 21, which were found not to belong to group A. As in pneumo- 
coccus typing, several typing antisera are usually combined into mixtures 
or pools. The organism to be typed is first set up against the various 
mixtures, and then against the individual antisera within the pool. Cross 
reactions frequently occur, and a certain amount of experience is neces- 
sary in interpreting the results. 

c. AVAILABILITY OF ANTISERA. The supply of antisera for both 
grouping and typing is limited. Designated large laboratories with ex- 
perienced personnel will be supplied with these antisera and all cultures 
for grouping and typing should be forwarded to them. 


298. Titration of Heterophile Antibody (for Diagnosis of Infec- 


tious Mononucleosis) 
a. ProcepurE. (1) Separate the patient’s serum from the blood clot, 


and inactivate the serum at 56° C. for 15 minutes. 

(2) Prepare a 2 percent suspension of fresh sheep red blood cells in 
normal saline solution by repeated centrifugation and washing in normal 
saline solution until the supernatant fluid is clear and then adding 2 ce 
of the packed cells to 98 cc of normal saline solution. 

(3) To the first of 10 clean agglutination test tubes, set up in a rack, 
add 0.75 cc of normal saline solution, and into the remaining 9 tubes, 
0.5 ce. 

(4) To the first tube add 0.25 cc of the inactivated patient’s serum, 
making a dilution of 1:4. Mix thoroughly and transfer 0.5 ce of the 
mixture to tube 2, 0.5 cc from tube 2 to tube 3, and so on — through 
the remaining tubes. 

(5) Add 0.5 cc of the 2 percent sheep red-cell suspension to every 
tube, thus doubling the dilutions of serum (1:8 in the first tube, etc.). 

(6) Add 1.0 cc of normal saline to every tube, thus making final serum 
dilutions of 1:16, 1:32, 1:64, etc., in the series of tubes. 
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(7) Incubate the tubes in a water bath at 37° C. for 2 hours, and then 
refrigerate overnight. 

(8) A known normal serum control should be run with each day’s test. 

b. INTERPRETATION. (1) The results are read next morning, after re- 
frigeration, by inverting each tube three times against the finger and 
examining for clumping of cells. 

(2) Clumping of the cells in serum dilutions of 1:32 or higher may be 
indicative of infectious mononucleosis, unless there is a history of recent 
injections of horse serum or of serum sickness. A rising titer is helpful 
in establishing the diagnosis. To eliminate interference by antibodies 
resulting from injections of horse serum, Davidsohn has employed a 
series of absorption tests. Details of these may be found in Kolmer and 
Boerner, Approved Laboratory Technique, Fourth Edition, Appleton 
Century. 


Section VIl. HANDLING OF BACTERIOLOGICAL 
SPECIMENS 


299. General 

The following directions are suggested as a guide to be used in handling 
specimens submitted for bacteriological examination. It must be remem- 
bered that it is not a complete list of possibilities, and only the organisms 
commonly encountered are given consideration. 


300. Blood for Culture 

a. The organisms encountered include Eberthella (typhoid), Salmon- 
ella (paratyphoid), Brucella (undulant fever), Streptococcus, Staphylo- 
coccus, pneumococcus, meningococcus, Hemophilus influenzae, and Pas- 
teurella pestis. 

b. Direct smears of the blood are of no value. 

c. Culture blood, taken aseptically, in an appropriate broth or semisolid 
medium (2 to 5 ce per 100 cc medium). Poured plates containing 1 cc 
of blood should be made. Incubate cultures aerobically, anaerobically, or 
in an atmosphere containing 2 to 10 percent carbon dioxide, as indicated. 


301. Blood for Serological Study 

a. Serum is obtained as directed in paragraph 219. 

b. The serum may be used for Widal, Weil-Felix, and similar test. 

c. Antibodies are not produced at once. Blood for serological studies 
should never be taken before the fifth or sixth day of illness and prefer- 
ably after 10 to 12 days, unless early specimens are desired to establish 
a base for detecting a subsequent increase in titer of specific antibodies. 
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302. Bile 


a. The usual organism encountered is Eberthella (typhoid). 

b. Direct smears are of doubtful value, but a gram stain should be 
made. 

c. Culture on differential plate media (EMB agar, SS agar, desoxy- 
cholate-citrate agar, etc.). 

d. If a pyogenic infection is present, use blood agar plates, aerobic, and 
anaerobic. 


303. Feces 

a. The organisms encountered include Eberthella (typhoid), Salmon- 

ella (paratyphoid), Shigella (dysentery), and Vibrio (cholera). 
- 6, Direct smears are of value in determining the presence of cellular 
constituents (use differential stains, for example, Wright’s stain, or hema- 
toxylin and eosin). In cholera and shigelloses sufficient information can 
be obtained from a direct examination to give a presumptive diagnosis. 

c. Culture on differential plate media (EMB agar, SS agar, desoxy- 
cholate-citrate agar, alkaline agar, etc.). 

d. Culture in enrichment medium (Selenite-F broth), with subsequent 
subculturing on differential media. 

e. Pick suspicious colorless colonies found on selective media and 
inoculate Russell’s double sugar agar and incubate for 24 hours. Interpret 
the results as follows: 

(1) If the Russell’s medium has an alkaline slant, an acid butt with 
no gas, and the organism is nonmotile, make biochemical or serologic tests 
for Shigella. 

(2) If the Russell’s medium has an alkaline slant, an acid butt with 
no gas, and the organism is motile, make biochemical and serological tests 
for E. typhosa. 

(3) If the Russell’s medium has an alkaline slant, an acid butt with 
gas, and the organism is motile, make biochemical and serological tests 
for Salmonella. 

f. If cholera is suspected test for the cholera-red reaction, and proceed 
with biochemical and serological confirmation. 


304. Urine 

a. The organisms encountered include Eberthella (typhoid), Sal- 
monella (paratyphoid), Proteus, Escherichia coli, Aerobacter, Mycobac- 
terium tuberculosis, Streptococcus, Staphylococcus, and Neisseria gon- 
orrhoeae. 

b. Concentrate specimen by centrifugation. 


c. Make a direct smear; stain by the gram or acid-fast method, or by 
both. 
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d. Culture on EMB agar, blood agar (aerobic and anaerobic), or 
chocolate agar, as indicated. 

e. If tuberculosis is suspected, culture on an appropriate medium or 
inject the concentrated sediment into a guinea pig, intramuscularly, or 
both. 


305. Sputum 


a. The organisms encountered include pneumococcus, Mycobacterium 
tuberculosis, Streptococcus, Staphylococcus, Hemophilus influenzae, and 
pertussis. Rarely found are Fusobacterium and Borrelia (Vincent’s), 
Klebsiella (Friedlander), and fungi. 

b. Examine a direct smear stained by the gram or acid-fast stain, or 
both if indicated. 

c. If tuberculosis is suspected, concentrate the sputum and then pro- 
ceed as follows: 

(1) Make an acid-fast stain. 

(2) Inoculate appropriate media. 

(3) Inject a guinea pig, when requested. 

d. If pneumonia is suspected, proceed as follows: 

(1) If pneumococci are present in large numbers, set up a Neufeld 
test with pooled antisera. 

(a) If the test is positive, identify the type using specific antisera. 

(b) If the test is negative: 

1. Prepare blood agar cultures to detect the presence of Strepto- 
coccus, Staphylococcus, etc. 

2. Inject a mouse intraperitoneally, for subsequent typing of the 
peritoneal washings. 

(2) If pneumococci are not present in large numbers, inject a mouse 
intraperitoneally for subsequent typing, and inoculate a blood agar or 
chocolate agar plate or both, incubating aerobically, anaerobically, and in | 
increased carbon dioxide. 


306. Cerebrospinal Fluid 

a. The organisms encountered include Neisseria (meningococci) , pneu- 
mococcus, Hemophilus influenzae, Streptococcus, Mycobacterium tuber- 
culosis, and, rarely, Salmonella, Staphylococcus, and Torula. 

b. Prepare a direct smear of the centrifuged sediment or from coagu- 
lum that may form. Stain by the gram or acid-fast method, or both. 

c. Culture the centrifuged sediment on blood agar and chocolate agar 
plates aerobically and in an atmosphere containing an increased amount 
of carbon dioxide. 

d. If tuberculosis is suspected, culture on an appropriate medium or 
inoculate a guinea pig, or both. 

e. If yeastlike cells are seen, culture on Sabouraud’s agar. 
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307. Pus From Wounds, Boils, Peritonitis, etc. 

a. The organisms encountered include Staphylococcus, Streptococcus 
(aerobic and anaerobic), Escherichia coli, Aerobacter aerogenes, Clostri- 
dium (gas-gangrene anaerobes), Proteus, Pseudomonas (pyocyaneus), 
and many others. 

b. Examine a direct smear stained by the gram method (support by a 
spore stain, if needed). 

c. If coccus forms alone are present, culture on blood agar plates 
(aerobic and anaerobic). 

d. If gram-negative rods alone are present, grow on plain agar plates, 
differential media (EMB agar, SS agar, etc.) and on blood agar plates. 
Look for pigment production. 

e. If spore formers are present, culture on blood agar plates (aerobic 
and anaerobic), inoculate milk and seal with paraffin-vaseline (to test for 
“stormy fermentation,” and inoculate other appropriate specialized anaero- 
bic media, such as thioglycollate broth, Robertson’s cooked-meat medium, 
etc. 

f. From areas contaminated by fecal material, such as abdominal 
wounds following a ruptured appendix or perforation of the intestine, 
the direct smear usually shows many types of organisms. Inoculate 
various selective media, such as EMB agar, desoxycholate-citrate agar, 
SS agar, blood agar plates (aerobic and anaerobic), thioglycollate me- 
dium, etc. Where there is such a variety of organisms, solid media are 
generally preferable, since in broth the more significant pathogens are 
likely to be overgrown by such ubiquitous organisms as Proteus vulgaris 
and Escherichia coli. Utilize the selective bacteriostatic effects of chloral 
hydrate. desoxycholate, tellurite, etc. (See par. 2611.) 


308. Pleural, Pericardial, or Other Fluids From Serous Cavities 
a. These are often sterile. It may be necessary to add an anticoagu- 
lant as soon as the fluid is drawn to prevent it from solidifying. The 
organisms encountered include Streptococcus, pneumococcus, Staphylo- 
coccus, Mycobacterium tuberculosis. 
b. Centrifuge, and from the sediment prepare a gram or acid-fast stain, 
or both. 
c. Inoculate the sediment to blood agar plates (aerobic and aaaetobie): 
d. If tuberculosis is suspected, inoculate appropriate media and inject a 


guinea pig. 


309. Material From Throat and Tonsils 
a. The organisms include Streptococcus, Staphylococcus, pneumo- 
coccus, Neisseria (meningococcus), Corynebacterium (diphtheria), Fuso- 


bacterium and Barrelia (Vincent’s), and fungi. 
688862°—46—22 
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b. Stain by the gram method, with Loeffler’s methylene blue or another 
differential stain for diphtheria bacilli and with dilute carbolfuchsin for 
fusiform bacilli and spirochaetes (Vincent’s). 

c. Inoculate blood agar or chocolate agar plates, or both, as indicated 
(aerobic, anaerobic, and increased CO,). 

d. If diphtheria is suspected, inoculate Loeffler’s serum slants of a se- 
lective potassium tellurite medium, or both. 


310. Materials From Urethra and Prostate 

a. The usual organism encountered is Neisseria gonorrhoeae. 

b, Examine a direct smear stained by the gram method. 

c. Inoculate warm chocolate agar plates at once and incubate under 
increased CO,. 

d. The oxidase reaction will assist in recognizing and isolating colonies. 


311. Materials From Ear and Mastoid 

a. The organisms encountered include Streptococcus, Staphylococcus, 
and pneumococcus. 

b. Study a direct smear stained by the gram method. 

c. Inoculate blood agar plates (aerobic and anaerobic) 


312. Materials From Nose, Sinuses, and Nasopharynx 

a. The organisms encountered include Streptococcus, Staphylococcus, 
Neisseria (meningococcus), Corynebacterium, Hemophilus influenzae, H. 
pertussis, and pneumococcus. 

b. Examine a direct smear stained by the gram method or with Loef- 
fler’s methylene blue, if diphtheria is suspected, or both. 

c. Culture on blood agar plates (aerobic and anaerobic), chocolate agar 
plates (increased CO,), Loeffler’s serum slants, etc., as indicated. 


313. Materials From Eye 

a, The organisms encountered include Streptococcus, Staphylococcus, 
pneumococcus, Neisseria (gonococcus), Corynebacterium (diphtheroids), 
Hemophilus influenzae, H. duplex, and fungi. 

b. Examine a direct smear stained by the gram method. 

c. Culture on blood agar, chocolate agar, or Sabouraud agar plates, as 
indicated. 


314. Materials From Skin (for Fungi) 

a. Divide the specimen in two equal parts. 

b. Macerate one portion in 10 percent sodium hydroxide for 30 min- 
utes or longer; then examine microscopically an unstained moist (cover 
glass) preparation of the material. 
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c. From the untreated portion of the specimen inoculate Sabouraud 
agar and blood agar plates; incubate at the temperature indicated and 
under aerobic or anaerobic conditions as indicated. 


Section Vill. PREPARATION OF AUTOGENOUS VACCINES 
315. Selection of Subculture 


An autogenous vaccine is one prepared from a culture isolated directly 
from the patient who is to be treated with that vaccine. With the 
infected materials, such as pus or tissues, prepare gram-stained films and 
examine them for the types of organisms present. Inoculate blood agar 
and infusion agar plates and a tube of infusion broth and incubate for 
24 to 48 hours at 37° C. Examine the plates for predominating types of 
colonies and make gram-stained preparations from each type. Also 
examine stained preparations from the broth culture for presence of any 
organism not found on plate cultures and inoculate upon plate media if 
indicated. If an organism is found in pure culture, transplant to the 
desired medium for the vaccine. When mixed cultures are obtained, 
select isolated colonies of the type desired and transfer to plates to isolate 
pure cultures; incubate for growth and again check for purity of cultures. 
If several organisms are present, presumptive evidence as to which or- 
ganism is concerned in the infection can sometimtes be gained, first, by 
agglutination of the organism by patient’s serum, or, second, by a posi- 
tive skin reaction on intradermal injection of the vaccine. Do not use 
spore-forming bacilli or any organisms that are obviously contaminants. 
Staphylococci and Streptococci are the organisms most frequently used 
for the production of autogenous vaccines. 


316. Preparation ot Suspensions 

a. AGAR SLANT CuLturEsS. Most bacteria are best grown on infusion 
agar slants for 24 to 48 hours; blood or serum agar is required for grow- 
ing more fastidious organisms. Add 2 or 3 cc of sterile saline to each 
tube and emulsify the bacteria by shaking or by agitation with a platinum 
loop. The suspension should be quite heavy. If any clumps are observ- 
able in the bacterial suspension, transfer to a sterile flask or bottle con- 
taining beads, and shake thoroughly; then filter aseptically through sev- 
eral layers of gauze, held in a small funnel, to break up the remaining 
clumps and to remove any particles of culture medium. 

b. BrorH Cuttures. If broth cultures are used, sediment the bacteria 
by centrifuging and resuspend in sterile normal saline solution ; centrifuge 
a second time. and resuspend in sufficient saline solution to give a heavy 
suspension. After the clumps of bacteria have been broken up, continue 
as above. 
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317. Determining Bacterial Content 

a. WricHt’s Metuop. Prepare a capillary pipette with a long capil- 
lary section and place a mark about 1 cm from the tip. Draw up blood 
from the fingertip to the mark, then a small air bubble, and then bacterial 
suspension to the same mark. Mix quickly on a slide, make thin smear, 
and stain by Wright’s method. Count the number of red cells and the 
number of bacteria in several areas. Use the following formula to deter- 
mine the number of bacteria per cubic centimeter of suspension: 


Bacteria counted 
XX 1,000 X 5,000,000 = number of bacteria per cubic centimeter. 


Red cells counted 
b. NEPHELOMETRIC MetHop (MacFartanp). This method, employ- 


able when the suspension contains no coloring matter, consists in compar- 
ing the opacity of the bacterial suspension with that of various densities 
of barium sulfate in a series of test tubes. 


(1) Preparation of standards. Prepare 1 percent aqueous solutions of 
chemically pure sulfuric acid and barium chloride. To a series of 10 
Pyrex test tubes of uniform size add increasing amounts of the barium 
chloride solution, starting with 0.1 cc in first tube, and increasing the 
quantity by 0.1 cc in each succeeding tube to 1.0 cc in the tenth tube. 
Then add to each tube enough of the acid solution to bring the total vol- 
umes to 10 cc (9.9 cc to 9.0 cc, respectively). Seal hermetically in a 
Bunsen or blowtorch flame, and label serially from 1 to 10. The densities 
of the suspensions in these tubes correspond approximately to 300 million 
organisms per cubic centimeter in the first tube, and increasing by 300 
million bacteria for each succeeding tube to 3,000 million per cubic centi- 
meter in the tenth tube. 


(2) Technic. Place a measured quantity (1.0 cc or more, depending 
on the density) of the bacterial suspension in a test tube of the same 
diameter and color as those used for the standard. Dilute by adding a 
measured amount of sterile saline solution to the density of one of the 
standards ; shake well during the process. 


(3) Calculation. The approximate number of bacteria per cubic centi- 
meter of suspension corresponds to the tube matched, times the dilu- 
tion. For example, if 1.0 cc of suspension was diluted to 4 cc to match 
tube No. 4, it contains 1,200,000,000 4, or 4,800,000,000 organisms per 
cubic centimeter, 


318. Preparation of Vaccine 

Most autogenous vaccines for treatment are prepared in a concentration 
of 1 billion organisms per cubic centimeter. To prepare a definite quan- 
tity, say 30 cc of vaccine of this strength from the bacterial suspension 
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above, find the number of cubic centimeters of suspension, required by 
use of the following formula: 
30 (cc of vaccine) X 1,000,000,000 (strength of vaccine) = 6.25 cc 


4,800,000,000 (strength of suspension) 
After standardization, add phenol to a final concentration of 0.5 percent 
(1 cc of a stock 5 percent phenol solution to 9 cc of vaccine) for preser- 
vation. The bacteria are dispensed in a properly labeled, sterile vaccine 
bottle, closed with a rubber stopper, and killed as indicated in paragraph 
319. 


319. Killing of Bacteria 

Weight the bottle with sheet lead, and immerse in a water bath at 56° 
to 60° C. for 1 hour. Remove from the water bath and culture for steril- 
ity by inoculating at least four 0.25-ce portions into tubes containing at 
least 15 cc of fluid thioglycolate medium, incubating for 7 days. 
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. CHAPTER 8 
CLASSIFICATION OF BACTERIA AND FUNGI 


Section |. DESCRIPTION OF BACTERIA 


GRAM-POSITIVE COCCI 


320. Staphylococcus Aureus 

a. CHARACTERISTICS. Staphylococci are spherical organisms appearing 
in grapelike clusters, particularly when grown on solid media. Diplococ- 
coid forms and occasional short chains will also often be seen in fluid 
media and indirect smears from pus. Growth is abundant on ordinary 
nutrient media. On blood agar, after 24 hours’ incubation, the surface 
colony is 3 to 4 mm in diameter, raised, glistening, and opaque ; hemolysis 
usually occurs, but deep colonies are often nonhemolytic. The character- 
istic ivory to golden yellow pigment may develop slowly; it will become 
more marked if the culture is left at room temperature after the initial 
incubation at 37° C., and is enhanced on Loeffler’s serum slants. Gelatin is 
usually liquefied after 2 to 3 days. Toxin-producing, pathogenic strains 
usually ferment mannitol and are coagulase positive. Resistance to heat 
and, chemical disinfectants is greater than that of the average bacterium ; 
many strains survive 60° C. for 30 minutes. 


b. Host RELATION. Staph. aureus is the commonest cause of severe 
localized purulent infections in man. The lesion may remain local or it 
may spread by direct extension, or by the blood stream, giving meta- 
static lesions in almost any part of the body; it may thus appear in blood 
cultures. A necrotizing exotoxin produced by the organism is appar- 
ently responsible for a large part of the damage it produces. In addi- 
tion, the organism is frequently implicated.in a toxic type of food poison- 
ing following the ingestion of food contaminated with it. 

c. DIaGNostic CriTer1A. The demonstration of characteristic gram- 
positive cocci appearing in clusters in connection with a relatively large 
opaque ivory to golden-yellow colony on blood agar is sufficient basis for 
the bacteriological diagnosis. As mentioned above, most pathogenic 
strains ferment mannitol and give a positive coagulase test. 


321. Staphylococcus Albus 


a. CHARACTERISTICS. The above description of Staph. aureus applies 
to this organism as well, except that the colonies of Staph. albus are white. 
Usually, but not always, associated with the absence of pigment is a fail- 
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ure to cause hemolysis, a failure to ferment mannitol, a much slower rate 
of gelatin liquefaction, if any, and a negative coagulase test. 


1 and 2. Long and short bacilli, singly, in pairs, and short chains. 
3. Types of flagellated bacilli. 

4. Various sizes, shapes, and positions of bacterial spores. 
5. Fusiform bacilli. 

6. C. diphtheriae, banded forms and polar bodies. 

7. Past. pestis, bipolar staining rods and involution forms. 
8. a, Borrelia. b, Treponema. c, Leptospira. 

9. D. pnewmoniae, encapsulated. 

10. Diplococci. 

11. Biscuit-shaped diplococci of Neisseria. 

12. Tetrads. 

13. Staphylococci. 

14. Streptococci. 

15. Vibrio comma, 


Figure 26. Morphology of bacteria. 


b. Host REtation. Staph. albus is relatively nonpathogenic. It is 
associated with superficial skin infections, such as pimples and stitch 
abscesses, and is commonly present in normal skin. Few strains, if any, 
produce toxin. 

c. DiaGNostic Criteria. The basis for the bacteriological diagnosis 
is the same as for Staph. aureus except that only white pigment is pro- 
duced and hemolysis is usually absent. 
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322. Streptococcus Pyogenes 

This is the species of beta-hemolytic streptococci most frequently patho- 
genic for man. The name Strep. hemolyticus is used by some authors as 
a synonym for Strep. pyogenes and sometimes as a loose term for any 
beta-hemolytic streptococcus. 

a. CHARACTERISTICS. The chain formation of Strep. pyogenes is best 
seen in smears from cultures in fluid media. In tissue sections, in exud- 
ates, and in smears from cultures on solid media, conspicuous chain for- 
mation may be lacking. The individual cocci are often flattened against 
each other. There may be variation in size, and gram-negative forms 
often appear. Capsules, appearing as unstained halos, may sometimes be 
seen in smears made directly from the infected material. Growth is best 
in the presence of blood or serum and may not take place in the usual 
nutrient media. The 24-hour surface colony on blood agar is about 1 mm 
in diameter, often nearly transparent, and either smooth, or (with dry- 
ing and aging) having a collapsed and wrinkled appearance. The char- 
acteristic beta hemolysis consists of the complete destruction of the red 
blood cells leaving a clear transparent area around the deep colony. The 
extent of the hemolyzed zone varies with different strains ; some will give 
an alpha (green) type of change as a surface colony, showing complete 
red cell destruction (beta hemolysis) only when under the surface of 
the agar. For this reason, poured blood agar plates are preferred. Fre- 
quently strains will be encountered whose surface colonies appear non- 
hemolytic on subsequent culture. Growth is aerobic and facultatively 
anaerobic. Resistance to heat and chemical disinfectants is not unusual ; 
they will not tolerate 0.1 percent methylene blue. Strep. pyogenes fer- 
ments lactose, salicin, and trehalose; does not ferment inulin, mannitol, 
and sorbitol; and does not hydrolyze sodium hippurate. Virulent strains 
are fibrinolytic for normal human fibrin. (See par. 285.) The above 
reactions are diagnostic for Strep. pyogenes, if the culture belongs in 
Lancefield’s group A on the basis of the precipitin reaction. 

b. Host Retation. Not all beta-hemolytic streptococci are pathogenic 
for man. Those of the Lancefield’s group A usually are pathogenic. 
Occasionally sporadic infections are due to certain strains of groups B, 
C, D, F, G, and H. Strept. pyogenes is responsible for infections of 
great diversity, perhaps the most common being throat and wound infec- 
tions of varying intensity. The infections tend to spread and to invade 
the blood stream. Among several toxins produced is one that gives rise 
to the erythematous rash of scarlet fever. The presence of a rash de- 
pends on the toxigenicity of the infecting strain and the antitoxic im- 
munity of the host. 

c. Diacnostic Criterta. The finding of beta-hemolytic streptococci 
in the blood stream, in abscesses, or in closed body cavities, or the finding 
of relatively large numbers of them in material from infected mucous 
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membranes, open sores, or wounds is of high diagnostic significance. Its 
identification and the determination of its relation to possible sources of 
infection can be made only after more thorough cultural and serological 
study. In the diagnostic laboratory the simplest, quickest, and most 
informative procedure is the Lancefield grouping. (See par. 297.) 


323. Streptococcus Salivarius 

This is the name applied to a group of alpha-hemolytic streptococci com- 
monly found in the upper respiratory tract and in infections extending 
therefrom. The name Strep. viridans is used by some authors to indicate 
any streptococcus forming colonies surrounded by a noticeable greenish 
discoloration of the blood agar. 

a. CHARACTERISTICS. The alpha-hemolytic streptococci are chain- 
forming cocci, the cells often being elongated. Chain formation is best 
observed in fluid media. In tissue sections, in exudates, and in smears 
from cultures on solid media conspicuous chain formation may be lack- 
ing. Diplococcoid forms resembling pneumococci are not uncommon. 
Some strains show marked pleomorphism, with gram-negative and bacil- 
lary forms appearing. Growth is best in blood-containing media. On a 
blood agar plate the surface colony is 1 mm or less in diameter in 24 
hours, and is usually smooth and dome-shaped, in distinction to the flat 
pneumococcus colony. The typical alpha hemolysis is best observed about 
the deep colony, and consists of a narrow zone of grayish-green red blood 
cells surrounded by another narrow zone in which more or less complete 
break-down of the red cells (true hemolysis) has occurred. The hemolysis 
may be intensified by refrigeration of the plate after incubation. The 
alpha thus differs from the beta type of hemolysis, in which complete and 
much more extensive cell destruction is seen, beginning immediately at 
the edge of the colony. In doubtful cases the type of hemolysis may be 
determined by examining the colonies with the low-power objective of 
the microscope. Strep. salivarius is not soluble in bile; it ferments lac- 
tose and generally ferments raffinose, salicin, and dextrin; does not ordi- 
narily ferment mannitol, sorbitol or glycerol; and does not hydrolize 
starch. Resistance to heat and chemical disinfectants is not unusual; it 
will not tolerate 0.1 percent methylene blue. Growth is aerobic and fac- 
ultatively anaerobic. The alpha-hemolytic streptococci may be subdivided 
into several species, distinguished from Strep. salivarius by fermentation 
reactions and hydrolysis of starch. Extensive studies on their serological 
grouping have not been made. 

b. Host RELATION. Streptococci of this species are regularly present 
in large numbers in the normal throat and nasopharynx.. They may be 
responsible for chronic, usually low-grade, infections of the tonsils, sin- 
uses, appendix, gall bladder, and urinary tract; apical tooth abscesses are 
usually due to them. They are the most frequent cause of subacute bac- 
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terial endocarditis, in which the organisms localize in a previously dam- 
aged heart valve and are given off into the blood stream, often in “show- 
ers.” Isolation from the blood is best attempted as the fever is rising. 
Because of their constant presence in the normal person, it is usually 
difficult to assign any etiologic significance to alpha-hemolytic streptococci 
isolated from the upper respiratory tract. 

c. DracNnostic Criteria. These streptococci are identified on the basis 
of alpha hemolysis, lack of solubility in bile, and frequent failure to fer- 
ment inulin. The subdivision into species by fermentation reactions has 
little recognized clinical significance. 


324. Enterococci 

a, CHARACTERISTICS. Enterococci consist of elongated, frequently 
lanceolate cells. They are somewhat larger than Strep. pyogenes and are 
usually seen in short chains or pairs. Growth occurs on unenriched nutri- 
ent agar, forming colonies 1 to 2 mm in diameter in 24 hours. Strep. 
faecalis, the commonest species, produces in blood agar no visible change 
(gamma appearance) in the medium surrounding the deep colonies after 
24 hours’ incubation, possibly a slight “greening” after 48 hours, and 
alpha hemolysis after refrigeration overnight. (Greening is almost in- 
variably apparent underneath a surface colony—that is, it can be seen 
if the colony is scraped away with a platinum loop.) Some enterococci 
(Strep. zymogenes and Strep. durans) are beta hemolytic. Strep. faecalis 
ferments sorbitol and mannitol, does not ferment inulin, and is not bile 
soluble. The most distinctive characteristics of the enterococci are their 
resistance to heat (most strains surviving 60° C. for 30 minutes) and 
their ability to tolerate 0.1 percent methylene blue, 6.5 percent sodium 
. chloride, and a reaction of pH 9.6. They belong to Lancefield’s group D. 

b. Host Retation. The enterococci are regularly present in human 
feces. They occasionally cause urinary tract infections, and sometimes 
subacute bacterial endocarditis, but are more frequently present as sec- 
ondary invaders in mixed infections. 

c. DiacNostic Criteria. Identification of enterococci is based on 
finding rather large, frequently lanceolate, gram-positive cocci in pairs 
and short chains; showing either alpha, beta, or no hemolysis in blood 
agar after 24 hours; having the ability to grow on media containing 0.1 
percent methylene blue; giving characteristic sugar fermentations (sor- 
bitol and mannitol) ; and surviving 60° C. for 30 minutes. Organisms 
of the closely allied “lactic group” (Strep. lactis) may be differentiated 
from enterococci by their failure to ferment sorbitol and mannitol. 


325. Anaerobic Streptococci 
Facultative anaerobic streptococci may acquire a complete anaerobic habit 
but, after isolation anaerobically, will revert and subsequently grow aero- 
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bically. Such are not true anaerobic streptococci ; it is the strictly anaero- 
bic types that are here described. 

a, CHARACTERISTICS. In general, chain formation is not marked in this 
group; frank clumping may be seen. The individual organisms of some 
strains are smaller than other gram-positive cocci. The appearance of 
colonies in and on blood agar is somewhat influenced by the method of 
anaerobiasis employed; usually there is no hemolysis, but there may be 
brownish discoloration of the blood. Surface colonies are often about 
1 mm in diameter and sometimes are brown or coalblack. Fluid thio- 
glycollate medium is excellent for cultivating anaerobic streptococci, and 
isolations are often facilitated by preliminary growth in this medium. 
Many varieties produce an offensive putrefactive odor. Several species 
have been described, differentiation being based upon such characteristics 
as gas formation, odor, and proteolytic activity. Resistance to heat and 
chemicals is not unusual. _ 

b. Host Reration. The anaerobic streptococci are second only to 
Strep. pyogenes as a cause of puerperal sepsis. Blood stream invasion 
may be expected. They are also encountered in wound infections and are 
normal inhabitants of the gastro-intestinal and female genital tracts. In 
puerperal sepsis due to these streptococci, infection appears to be auto- 
genous. 

c. Dracnostic Criterta. The group may be defined as strictly anaero- 
bic gram-positive cocci in chains or clusters, usually producing a foul 
odor and gas. From the viewpoint of pathogenicity the differentiation 
of species is of no known significance. 


326. Diplococcus Pneumoniae (Pneumococcus) 

a. CHARACTERISTICS. In direct smears from infected material, these 
oval cocci usually appear in pairs, the long axis of the cell coinciding with 
that of the pair. In fluid media, short chains are frequently present, and 
with some strains this tendency is marked. Capsules are seen, especially 
in infected material, and they appear as clear, unstained halos around the 
organism. The gram-positive staining property is frequently lost early 
in the: life of the culture owing to partial autolysis of the organism. 
Autolysis is accelerated by bile, giving the basis for the bile solubility 
test. (See par. 283.) Growth is best on blood-enriched media (either 
blood agar plates or blood broth). Twenty-four-hour colonies are about 
1 mm in diameter and usually show central flattening, especially when 
crowded. There is a narrow zone of greenish discoloration of the blood 
(alpha hemolysis) around the colony. Inulin is fermented. Growth is 
aerobic and facultatively anaerobic. The organisms are susceptible to 
heat and the usual chemical disinfectants. There are more than 31 sero- 
logical types of pneumococci, having different capsular polysaccharides. 
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The common types are designated by the numerals 1 to 33, less types 26 
and 30, which are identical with types 6 and 15, respectively. 


b. Host Retation. The pneumococcus is the commonest cause of 
bacterial pneumonia. Even though it is frequently present in the normal 
upper respiratory tract, there is evidence that infection is not ordinarily 
autogenous. Invasion of the blood stream occurs in about one-fourth of 
the cases, with a consequent increase in mortality. The pneumococcus 
may also be responsible for otitis media, conjunctivitis, meningitis, peri- 
tonitis, and a variety of other infections. 


c. DtacNostic CritertA. Morphology is of little aid in distinguishing 
pneumococci from streptococci. Identification is based on serological re- 
actions, principally the Neufeld reaction (par. 294), on bile solubility, 
and on inulin fermentation. The first is directly applicable to the speci- 
men, usually sputum, and is the most rapid. If positive, it is ordinarily 
sufficient to establish the bacteriologic diagnosis. A blood agar plate 
should also be inoculated to determine the presence of other gram-positive 
organisms, including nontypable pneumococci. Inulin fermentation is 
usually reliable but is the least constant of the three criteria. A mixture 
of types of pneumococci is found in some specimens. 


d. Spectra Isoration Metuonps. Specimens of sputum containing 
too few pneumococci to be satisfactorily typed by the Neufeld method 
may be “enriched” by mouse inoculation or the Avery method. 


(1) Mouse inoculation. (a) Wash a selected portion of the sputum 
in sterile physiological salt solution in Petri dish and emulsify the washed 
sputum by means of a syringe. 


(b) Inoculate a mouse intraperitoneally with 0.5 to 1.0 cc of the emul- 
sified sputum. 


(c) At intervals, after 6 hours, aspirate a little peritoneal fluid by 
puncturing the abdominal wall of the mouse with a fine class capillary 
tube. Smear and examine the fluid for pneumococci 


(d). When the pneumococci are found, kill the mouse and wash out 
the peritoneal cavity with a small amount of salt solution. 


(c) Use this suspension for Neufeld typing, diluting it if necessary. 


(f) Pure cultures of the pneumococcus may often be isolated from the 
heart’s blood or the peritoneal fluid of the mouse provided aseptic technic 
is employed. Such cultures may also be used for typing. 


(2) Avery method (“artificial mouse”). If mice are not available, 
inoculate several tubes of Avery’s blood broth with graded quantities of 
the sputum. Examine them at intervals after 4 to 6 hours’ incubation. 
When pneumococci are found, proceed with typing by the Neufeld 
method. 
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327. Gram-negative Cocci—Neisseria Intracellularis (N. Menin- 
gitidis, Meningococcus) 

a. CHARACTERISTICS. The meningococcus is a spherical organism usu- 
ally seen in pairs with the adjacent sides flattened. In infected spinal 
fluid it is usually found inside the polymorphonuclear leukocytes. With 
most strains no growth, or very scanty growth, takes place on ordinary 
nutrient agar. Serum or blood and a moist environment are required 
for multiplication. Better growth is seen on heated-blood (chocolate) 
agar. An atmosphere containing an increased amount of carbon dioxide 
is preferred for primary isolation. After 24 hours at 37° C. the colony 
is about 1 mm in diameter, bluish-gray, and translucent. Growth does 
not occur under anaerobic conditions, or below 30° C. (For carbohydrate 
fermentations, see table XXIX.) The oxidase reaction is positive. These 
organisms are exceptionally sensitive to heat, chemical disinfectants, and 
drying. Cultures undergo rapid autolysis and die in a few days when 
kept at room temperature. Meningococci are currently separated into 
three distinct serological groups by agglutination, groups I, II, and J/ 
alpha. Group II alpha is closely related to group II and contains part 
of the antigenic structure of the ordinary group II and an additional 
antigen. The group // alpha organism, as compared with the group II 
strain, is characterized by being pathogenic to mice and having a capsule. 

b. Host Retation. Cerebrospinal meningitis in epidemic form is due 
generally to the group I, rarely the group // alpha, meningococcus. A con- 
siderable number of persons normally carry these organisms in the naso- 
pharynx, but many of these strains belong to group II, the members of 
which are relatively nonpathogenic. During an epidemic, the number of 
group I carriers increases markedly, and a certain number of these carriers 
may develop meningitis under suitable conditions. The organism may be 
isolated from the spinal fluid. In a certain proportion of advanced cases 
it may be cultivated from the blood stream, petechial skin lesions, and 
sometimes from the nasopharynx early in the disease. In the less com- 
mon septicemic type of meningococcal infection, the organisms are found 
in the blood stream and appear only late, if at all, in the spinal fluid. 
These infections are often rapidly fatal. 

c. DtacNostic Criterta. The normal spinal fluid is water-clear and 
colorless, and in meningitis it is more or less turbid. The color and tur- 
bidity, and the presence of blood and any clotting should be noted. Blood, 
if fresh, may have come from the spinal puncture and makes examination 
of the fluid difficult. An immediate presumptive diagnosis of meningo- 
coccal meningitis may be made by direct study of cerebrospinal fluid. 
Centrifuge the fluid, prepare spreads of the sediment on glass slides, fix, 
and stain by the Gram method. Examine for typical gram-negative, cof- 
fee-bean-shaped, intracellular diplococci. If present, they should be con- 
sidered as meningococci and tentatively reported as such, ‘to be confirmed 
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by culture and agglutination tests. The presence of other organisms is 
also reported. Make total and differential counts, comparable to the 
counting of blood cells. The relative number of polymorphonuclear leu- 
kocytes is usually enormously increased in cerebrospinal meningitis. Plant 
several loopfuls of sediment on a warm chocolate agar plate. Inoculate 
a tube of warm tryptose phosphate broth or of meningococcus semisolid 
agar with 1 cc. An alternate method, especially valuable for use in small 
laboratories, is to place 2 cc of the spinal fluid on the surface of a choco- 
late glucose agar slant that is plugged with a cork; thorough flaming oi 
the mouth of the tube, firing the cork, and immediate insertion of the 
cork into the mouth of the tube will give sufficient carbon dioxide for 
the promotion of growth. Incubate cultures at 37° C. for 18 to 24 hours, 
in an atmosphere preferably containing an increased amount of carbon 
dioxide and observe for typical gram-negative, coffee-bean-shaped diplo- 
cocci. Cultures are generally pure; if mixed, pure growth may be 
obtained by subcultures on solid media (as for the gonococcus). Pure 
cultures are used for fermentation tests to rule out N. gonorrhoeae and 
for tube agglutination tests. 

d. SpectaL Metuops. (1) Culture of blood. Blood, as well as spinal 
fluid, should be cultured from all suspected cases. Culture 3 to 5 cc of 
blood in a flask containing 100 ce of tryptose phosphate broth or 1 percent 
glucose infusion broth (pH 7.6) ; the media should contain 0.0002 percent 
para-aminobenzoic acid. 

(2) Culture of nasopharynx. This is done for the detection of car- 
riers. The nasopharynx of a convalescent or of a potential carrier is 
touched with a sterile applicator or inoculating needle, and the innoculum 
is spread diffusely over warm blood agar or chocolate agar plates. After 
incubation at 37° C., suspicious colonies are fished to a warm chocolate 
agar plate for confirmation of identity; the oxidase test should be used, 
and oxidase-positive colonies selected for further study. (See par. 282.) 

(3) Agglutination tests of pure cultures. A presumptive slide aggluti- 
nation may hasten the procedure and eliminate atypical organisms. A 
macroscopic tube agglutination test with polyvalent antimeningococcus 
serum is used for final proof of identity. Occasionally group determina- 
tion is indicated. Only polyvalent serum is issued to small hospital labo- 
ratories. When further study is indicated, or when: directed by higher 
authority, subcultures on cork-stoppered chocolate glucose agar slants 
should be forwarded to the service command or other laboratory. 

The technic of the macroscopic tube agglutination test is given in 
paragraph 289. Since most of the saprophytic Nevsseria are salt or serum 
sensitive, it is necessary in all agglutination tests for meningococci to 
run controls using normal horse serum (diluted 1:10) and saline, in 
order to rule out nonspecific clumping. 
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(4) Fermentation reactions. With material from a pure culture, in- 
oculate tubes of semisolid fermentation medium containing brom thymol 
blue indicator and the four pivotal sugars. (See table XXIX.) Incubate 
cultures at 37° C. for 3 to 7 days. such cultures, as well as those for 
the identification of the gonococcus, should not be incubated in an at- 
mosphere containing increased carbon dioxide, which affects the indi- 
cator. 


328. Neisseria Gonorrhoeae (Gonococcus) 

a. CHARACTERISTICS. The gonococcus is similar to the meningococcus 
in many respects. Gram-negative paired cocci with adjacent sides flat- 
tened and fairly regular in size and shape, appear in direct smears of 
infected material, usually inside polymorphonuclear leukocytes. Growth 
is best on moist chocolate agar in an atmosphere containing increased 
carbon dioxide. In 24 hours the colony is about 1 mm in diameter, glisten- 
ing, translucent, and grayish-white. In culture, the cocci show variation 
in size and shape. No growth occurs on ordinary nutrient media, at 
room temperature, or in the absence of oxygen. As with all the Neisseria, 
the oxidase reaction is positive. (For the fermentation reactions tha: 
help to distinguish the meningococcus from the gonococcus see table 
XXIX.) Gonococci are highly susceptible to inimical agencies. When 
dried, the cocci die in 2 hours ; moist heat at 55° C. kills them in 5 minutes ; 
they are quickly killed by a 0.025 percent solution of silver nitrate; cul- 
tures kept at room temperatures die in a few days, but at 37° C. they 
may survive several weeks. 


Table XXIX. Differentiation of Neisseria 


Fermentation tests g 
Baline ES 
om 00 
8 
Species 2 y 2 rs) ee 5 Bi Special colony feature 
a ae SE San 2 | ee 
Hiaiebi}& | 2s | Bee 
Atala la | Sh | <8 
N. gonorrhoeae__-| A} — | — | — _ — Small, round, convex. 
N. intracellularis_| A | A | — | — _ + Small, round, bluish-gray. 
N. catarrhalts.__-| — | — | — | — + a Large, grayish-white. 
MetSt6G0s foc. Cle A | A] A-} A ot _ Large, wrinkled, impossible to 
emulsify. 
N. perflava. ~~~ AoA ATA + — Greenish-yellow, adherent to 
medium. 
Ne pea 2 Bp A AMT = a Yellow. 
N. subflava___--- A|A]—-|]-— Ss — | Greenish-yellow, adherent to 
medium. 
N. flavescens-__--_- =| | | — ? - Golden yellow. 


A indicates formation of acid. 
688862°—46—23 
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Figure 27. Gonorrhoeal pus. (Film from urethra showing intracellular and 
extracellular N. gonorrhoeae.) 


b. Host RELATION. The gonococcus is a strict parasite, the causative 
agent of gonorrhoea. In the male, the primary infection appears in the 
anterior urethra; extension often occurs from this site to the posterior 
urethra and prostate gland, where a chronic infection may be established. 
In the female, the urethra and sometimes the rectum are involved, with 
extension to the uterine cervix and fallopian tubes, where a chronic in- 
fection is often established. The organisms may gain access to the blood 
stream and localize in the joints, causing arthritis. Very rarely a gonor- 
rhoeal endocarditis is seen. New born infants, due to passage through 
an infected birth canal, may acquire a gonorrhoeal conjunctivitis (oph- 
thalmia neonatorum), which may result in blindness. Adults are also 
susceptible to eye infections with the gonococcus. In young girls gonor- 
rhoeal vulvovaginitis occasionally occurs, being especially prevalent in 
insititutions. 

c. DIAGNOSTIC CRITERIA. A presumptive diagnosis may be made on 
microscopic examination; cultural confirmation should be done when 
necessary. . 

d. SpecIAL Metuops. (1) Microscopy. Make direct spreads of the 

infected urethral, cervical, or conjunctival discharges on glass slides, fix 
with heat, and stain by the Gram method. Examine the stained prepara- 
tion for gram-negative, coffee-bean-shaped, intracellular (or extracellu- 
lar) diplococci. Report whether the diplococci are intra- or extra-cel- 
lular, or both. Also report any other bacterial forms present, noting for 
each whether gram-negative or gram-positive and whether coccus or 
bacillus ; also the relative numbers and kinds of tissue cells present. 
_ (2) Cultivation. Since ordinary cultural methods, especially in chronic 
urethral or cervical infections, reveal only the secondary organisms, a 
special culture program is needed for growing N. gonorrhoeae. The 
cultural demonstration of the gonococcus is superior to direct spread 
examinations in cases of chronic gonorrhoea in both sexes and in all 
cases in the female, especially when material for examination is taken 
from the cervix. The cultivation of the gonococcus when mixed with 
freer-growing micro-organisms requires observance of the following spe- 
cial procedures : 
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(a) Take specimens of representative material and apply directly to 
plate media. 

(b) Use a medium, such as fresh, moist chocolate agar, that will 
readily support growth of the gonococcus. 

(c) Grow in an atmosphere containing an increased amount of carbon 
dioxide at 37° C. for 48 hours. 

(d) Identify the gonococcus group by colony form and oxidase re- 
action. 

(e) Confirm the identification by carbohydrate fermentation tests. 

(3) Specimen taking and inoculation (methods listed in order of 
preference). (a) Touch the platinum loop to a drop of pus, to the 
urethra, or the cleansed cervical os, and immediately streak broadly over 
a warm culture plate at the bedside or clinic chair. 

(6) Similarly contaminate a sterile swab with the suspected material 
at the bedside or clinic chair and immediately place in a tube containing 
1 cc of nutrient broth for prompt transmission to laboratory and inocula- 
tion of warm culture plate (broad spread of 0.1 cc of this broth). 

(c) Inoculate the sediment from a centrifuged urine specimen on a 
warm culture plate. Preferably use the first portion of an early morning 
specimen. 

(d) For delayed inoculation (up to 8 hours), store the above swab- 
broth tube in an ice box until the inoculation is made. If horse blood is 
available, swabs may be placed’ in tubes containing about 1 cc of sterile 
defibrinated blood, which permits survival of the gonococci for one or 
several days at ordinarily encountered room temperatures. 

(4) Examination of culture. Observe for two features: 

(a) The colonies are convex, slightly opaque, and 1 to 3 mm in dia- 
meter, with undulated margins. Their slight opacity and characteristic 
undulated margins serve to differentiate them from colonies of strep- 
tococci and diphtheroids. 

(b) Positive oxidase reaction. 


329. Nonpathogenic Neisseria 

These organisms appear in the normal nasopharynx, often in large num- 
bers. Most of them grow on plain nutrient agar and at 20° C. which 
helps to distinguish them from the pathogenic Neisseria. The colonies 
are rather small and may resemble those of the meningococcus. Some 
species produce a yellow pigment. There is a tendency to agglutinate 
spontaneously in normal saline solution or in normal horse serum. One 
of the commonest species, N. catarrhalis, fails to ferment carbohydrates. 
Table XXIX gives the distinguishing characteristics for this and other 
species. The growth requirements, fermentation reactions, and serological 
behavior serve to differentiate them from the meningococcus and gono- 
coccus. 
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ENTERIC GRAM-NEGATIVE BACILLI— 
COLI-AEROGENES-FRIEDLANDER GROUP 


330. Coli-Aerogenes-Friedlander Group (Tribe Eschericheae) 


This group consists of three genera: Escherichia coli (formerly called 
B. coli), Aerobacter aerogenes and Klebsiella. The group consists of 
motile or nonmotile rods, commonly occurring in the intestinal canal of 
man and other animals or in the respiratory tract of man (genus Kleb- 
siella), and widely distributed in nature. All ferment dextrose and lac- 
tose with the formation of acid and gas, with the exception of certain 
strains of Klebsiella, which do not ferment lactose. They do not liquefy 
gelatin except for one species (Aerobacter cloacae), which liquefies it 
slowly. Members of this group are separated into three genera on the 
basis of the results of the methyl red test, the Voges-Proskauer test, and 
their ability to utilize citric acid as sole source of carbon. (See table 
XXXI.) Most organisms belonging to this group may be readily dis- 
tinguished from nonlactose-fermenting pathogenic species by the typical 
colonies they form on PMB agar and other lactose-containing differential 
plate media, and the type of reaction on Russell double sugar medium 
(acid slant, acid and gas in butt). Occasionally strains of organisms be- 
longing to this group are encountered that ferment lactose slowly or even 
fail to ferment it after prolonged incubation; this often causes consider- 
able difficulty in separating them from pathogenic species, especially those 
of genus Salmonella. Sometimes their identity may be indicated by a 
positive indol reaction or the fermentation of salicin; neither of these 
reactions is given by species of Salmonella. At other times the cultures 
must be sent to a service command or other reference laboratory for 
complete Salmonella antigenic analysis before the organism can be defi- 
nitely classified. The Division of Bacteriology, Army Medical School, 
reports organisms that fail to ferment lactose in 24 hours but cause fer- 
mentation within 10 days as belonging to the definite species indicated by 
the biochemical reactions with the additional note, “slow lactose-ferment- 
ing strain,” for example, E. coli “(slow lactose-fermenting strain).” 
Likewise, specimens that fail to ferment lactose within 10 days are re- 
ported as paracolon bacilli, coli type, intermediate type, or aerogenes type, 
depending on the relation to E. coli, E. freundii, or A. aerogenes, re- 
spectively, as indicated by biochemical tests. 


331. Escherichia Coli (Bacterium Coli, Colon Bacillus) 


a, CHARACTERISTICS. The initial step in the recognition of the colon 
bacillus rests upon its rapid fermentation of lactose with the production 
of acid and gas. This is the basis for many differential media that are 
used in plating out feces for the purpose of separating the normally 
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present colon bacilli from the pathogens, which ferment lactose slowly 
or not at all. Table XXX gives a description of the colony character- 
istics on some of these media. E. Coli is methyl red positive, produces 
indol, fails to utilize sodium citrate as a source of carbon, and fails to 
produce acetyl-methyl-carbinol from dextrose (Voges-Proskauer nega- 
tive). Some strains are hemolytic. Motility is variable, but the majority 
of strains are motile. 

b. Host Rexation. Although essentially nonpathogenic, the colon 
bacillus may cause chronic infection of the urinary tract, and may be 
responsible for food poisoning. It is almost invariably present in the 
normal colon and lower portion of the ileum. As a result it is involved 
in mixed infections of the peritoneal cavity following intestinal per- 
foration. It may occur in mixed wound infections. Its presence in water 
is used as an indication of fecal contamination. 

c. DiaGNostic CRITERIA. The demonstration of characteristic gram- 
negative nonspore-forming bacilli growing well on ordinary nutrient 
media with opaque nonmucoid colonies, and producing acid and gas 
from lactose in 24 hours establishes the identity of E. coli for all practi- 
cal purposes. To distinguish it from E. freundit, sometimes referred to 


as the intermediate type, and from Aerobacter aerogenes, see table 
XXXII, 


Table XX XI. Differentiation of the coli-aerogenes- Friedlander group 


Methyl- Voges- Indol Citrate Gelatin | Hydrogen 
Species red Proskauer} Produc- Utiliza- lique- sulfide 
test reaction tion tion faction | formation 
Escherichia colt... 22... ~ = + =e = = 
Escherichia freundit______- + (—) (+) + = + 
Aerobacter aerogenes_____-- = + Se +. Sa (=) 
Aerobacter cloacae______--- - + ta + =) 
Klebsiella pneumoniae - - - _- (+) (—) _ (+) = -~ 


The reactions inclosed with parentheses are the usual ones; exceptions have been reported. 


332. Aerobacter Aerogenes 


a. CHARACTERISTICS. This organism resembles the colon bacillus in 
that it forms acid and gas from lactose, but differs from it in certain 
respects. Microscopically the organisms are shorter and thicker than 
E, coli, are nonmotile, and are often encapsulated. Gas production is 
more vigorous, indol is not formed, citrate is utilized, the Voges-Pros- 
kauer reaction is positive, and the methyl-red test negative. (See table 
XXXI_) 

b. Host RELATION. Organisms belonging to this species are normally 
found on grains and plants, and to a varying degree in the feces of man 
and animals. They are widely distributed in nature. They may cause 
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low grade urinary tract infections; aside from this they are essentially 
nonpathogenic. Differentiation from E. coli is sometimes desired since 
in water supplies A. aerogenes may be of nonfecal origin. 


c. Dtacnostic Criteria. The demonstration of short, plump, gram- 
negative rods, usually encapsulated, growing well on ordinary nutrient 
agar with a raised white mucoid colony, and fermenting lactose with 
acid and gas, will usually be sufficient to establish identity. (See table 
X XXI for more precise identification. ) 


333. Klebsiella Pneumoniae (Friedlander's Bacillus, Bacillus Muco- 
sus Capsulatus) 

a. CHARACTERISTICS. Friedlander’s bacillus is a short, thick, gram- 
negative, nonmotile rod, which, particularly in exudates, is heavily en- 
capsulated. It grows well on ordinary nutrient agar forming semiopaque 
mucoid colonies 3 to 4 mm in diameter. Gelatin is not liquefied. Lactose 
may or may not be fermented with acid and gas formation. (For other 
reactions see table XX XI.) Bromcresol purple or litmus milk often 
serves to differentiate K. pneumoniae and A. aerogenes, the latter pro- 
ducing acid and coagulation promptly, the former not. K. pneumoniae 
is similar to A. aerogenes in many respects and some strains are closely 
related serologically. Serologically, the strains have been divided into 
types A, B, C, and X (Julianelle). 

b. Host RELATION. K. pneumoniae may be found in the normal re- 
spiratory tract of man. It may cause lobar pneumonia with an associ- 
ated septicemia. It may also appear as a secondary invader in wounds. 
Intraperitoneal inoculation of mice is usually fatal in-24 to 48 hours. 

c. DIAGNOSTIC CRITERIA. The demonstration of short, thick, encap- 
sulated, gram-negative, nonmotile rods growing well on ordinary nutrient 
agar with a mucoid colony is usually adequate for identification. Final 
identification, which ordinarily is not required, may be obtained by ag- 
glutinin or precipitin tests using type antisera (Julianelle) ; the majority 
of human pathogenic strains belong to type A. 


PARATYPHOID GROUP 


334. Genus Salmonella (Paratyphoid Bacilli) 

a. CHARACTERISTICS. These are nonlactose-fermenting, motile organ- 
isms, most of which form acid and gas in dextrose, mannitol, and other 
carbohydrates. Sucrose and salicin are not fermented. Indol is not pro- 
duced. Gelatin is not liquefied. To a limited extent, classification may be 
based on fermentation reactions, hydrogen sulfide production, and other 
biochemical reactions. (See table XXXII.) Over 150 different types 


354 


have been described. Accurate identification requires the serological dem- 
onstration of the somatic (O) and flagellar (H) antigenic components. 

b. Host RELATION. Members of this group are responsible for two 
well-defined clinical entities, paratyphoid fever, which is clinically similar 
to typhoid fever, and food poisoning. In cases of food poisoning, the 
blood stream is rarely invaded, the causative agent being cultivated from 
the feces and vomitus. 

c. DIAGNOosTIc CRITERIA. The demonstration of motile, gram-negative, 
lactose-negative organisms producing acid and gas in dextrose and other- 
wise corresponding to the description given above establishes the genus. 
Failure to ferment xylose differentiates S. partyphi from other species. 
As a final step, many of the commoner species of Salmonella may be 
identified with reasonable accuracy if they agglutinate-to titer in a known 
antiserum or fulfill the reactions given in table XX XII. Organisms ten- 
tatively identified as belonging to this genus should be forwarded to a 
service command laboratory or other reference laboratory, accompanied 
by a brief clinical abstract of the case. Specimens of feces, urine, gall- 
bladder drainage, and blood should be studied in cases of enteric fever. 
Serum for the Widal reaction is of interest after the seventh day of 
illness. In food-poisoning outbreaks, the only diagnostic sources are 
samples of suspected food, feces, and vomitus from infected individual, 
and stools from food handlers, 


TYPHOID GROUP 


335. Eberthella Typhosa (Bacterium Typhosum, Salmonella Typhi, 
Typhoid Bacillus) 

a. CHARACTERISTICS. This organism is a gram-negative, nonspore- 
forming rod that does not ferment lactose. Its special differential features 
are motility and the fermentation of carbohydrates without gas produc- 
tion. The first characteristic differentiates it from the genus Shigella; the 
second distinguishes it from members of the genus Salmonella and the 
genus Proteus. On the basis of its antigenic structure the typhoid ba- 
cillus has. been included in the Salmonella genus. However, until general 
agreement is reached, the designation Eberthella will be retained. Table 
XXXII gives the differential reactions. 

b. Host Retation. The typhoid bacillus appears in the blood stream 
during the first 7 to 10 days of the disease, gradually disappearing dur- 
ing the following 2 weeks. As the disease progresses, the organisms in 
the feces increase in number, reaching a maximum at about the third 
week. There is usually localization of the organisms in the gall bladder ; 
if chronic infection of this organ results, a persistent and potentially 
dangerous carrier state is established, The urine often contains typhoid 
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bacilli during the disease, and they may persist for months or years after 
recovery. Specific agglutinins appear in the patient’s blood at about the 
fifth to tenth day, the titer gradually increasing. The presence of these 
antibodies is determined by the Widal test. 

c. DraGNostic Criteria. It is necessary to demonstrate motile, gram- 
negative rods, growing well on ordinary nutrient media, failing to fer- 
ment lactose, fermenting dextrose and mannitol with acid formation only, 
and agglutinating to titer in a known antityphoid serum. 

d. SpeciAL Metuops. The specimens to be examined culturally usu- 
ally consist of blood, feces, urine, and bile of suspected cases of typhoid 
or paratyphoid fever and of bile, feces, and urine of carriers; also, serum 
from patients may be examined by the agglutination (Widal) test. 

(1) Culture. (a) Feces, urine, bile. Spread the material (if solid 
feces, emulsify in broth or saline) over the dry surface of EMB agar, 
desoxycholate-citrate agar, or other special differential media in Petri 
dishes, in such a manner as to insure the growth of well isolated colonies. 
Also, inoculate the specimen into a tube of selenite-F broth or bile broth. 
Incubate 18 to 24 hours at 37° C. Study the plate cultures carefully. 
Select several well-isolated colonies of the type desired (table XXX), 
and from each inoculate a tube of RDS (Russell double sugar) and a 
tube of nutrient broth. After 24 hours’ incubation examine cultures for 
type reaction on RDS, motility, and gram-staining properties. Identify 
any suspected pure culture, by inoculating various carbohydrate media 
and media for the other biochemical tests, and eventually set up macro- 
scopic agglutination tests against known antisera of the suspected type. 
If at the end of 24 hours, plate cultures show no colonies of the type 
produced by pathogenic organisms, streak new differential plates from 
the enrichment medium and reincubate the old plates for an additional 
24 hours before discarding as negative. If identification of the organism 
has not been determined, send transplants to the nearest service command 
or other reference laboratory for further study. 

(6) Blood. Blood for culturing should be taken early in the disease, 
preferably during the first week. Obtain 10 to 15 cc of citrated or de- 
fibrinated blood (whole blood can be used for immediate inoculation of 
media at the bedside). Flask containing 100 cc of tryptose broth, 1 
percent dextrose infusion broth, or semisolid medium with 5 to 10 cc of 
blood, make two agar pour plates containing 1 cc of blood each, and 
streak two or three loopfuls of blood on an EMB agar plate. Incubate 
the cultures at 37° C., and make transfers at intervals to blood agar or 
other suitable agar plates. If colonies develop, transfer to RDS and 
identify by the procedure outlined above. 

(2) Serological examination. (a) Identification of organism. The 
macroscopic tube-agglutination test, as indicated above, can be used to 
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confirm the identity of an organism isolated from cultures. Use a sus- 
pension of the suspected culture as antigen along with known antisera. 

(b) Identification of antibodies. After the first or second week, dem- 
onstrable antibodies develop in the blood of patients with enteric fever. 
These may be demonstrated by the macroscopic tube agglutination test, 
using the patient’s serum and stock E. typhosa (H), E. typhosa (O), 
S. paratyphi, and S. schottmuelleri antigens. This is frequently but in- 
correctly referred to as a Widal test. 


DYSENTERY GROUP 


336. Genus Shigella (Dysentery Bacilli) 

a. CHARACTERISTICS. These are small, gram-negative, nonmotile rods 
that attack a number of carbohydrates with the formation of acid and 
no gas (one species, Shigella sp., Newcastle type, has been reported as 
a gas producer). 

b. Haxpirat. Several species are pathogenic for man, causing bacillary 
dysentery. Other species may be found in the normal human intestinal 
tract. Several species are pathogenic to fowl and small animals. 

c. CLASSIFICATION. The genus, which includes 15 species and many 
varieties, is divided into two groups on the basis of mannitol fermenta- 
tions. (For list of biochemical reactions see table XX XIII.) 


337. Mannitol-negative Strains 
Five species are included in this group, only three of which are patho- 
genic for man: 

-a. SHIGELLA DYSENTERIAE (SHIGA’s BAciLLus). This is a cause of 
dysentery in man and monkeys. It produces acid but not gas from dex- 
trose, levulose, and a few other carbohydrates, and never attacks manni- 
tol, maltose, lactose, or sucrose. Indol is not formed. 

b. SHIGELLA sp., NEWCASTLE TyPE. This organism is also a cause of 
dysentery in man. It is serologically identical with Shigella sp., Man- 
chester type, and Sh. paradysenteriae, Boyd 88. The Newcastle strain 
has been reported to produce gas from a few fermentable substances 
under certain circumstances. Dextrose, maltose, and occasionally dulcitol 
are fermented, but lactose, mannitol, and sucrose are not. The Man- 
chester and Boyd 88 types differ from the Newcastle strain by ferment- 
ing mannitol. Indol is not produced. 

c. SHIGELLA AMBIGUA (SCHMITz’ BAcILLuS). This is another cause 
of dysentery in man: It produces acid from dextrose and rhamnose. 
Indol is formed, and other biochemical reactions are similar to those 
of Sh. dysenteriae. 
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338. “Mannitol-positive Strains 


Ten species are included in this group. It is further divided into two 
subgroups of five species each on the basis of lactose fermentation. The 
first subgroup consists of species that do not ferment lactose and includes 
Sh. paradysenteriae and Sh. alkalescens. The second subgroup consists 
of species that ferment lactose slowly, including Sh. sonnet, Sh. madam- 
pensis, and Sh. ceylonensis. 

a. SHIGELLA PARADYSENTERIAE (FLEXNER-Boyp Group). These or- 
ganisms are a common cause of dysentery. They produce acid but no 
gas from dextrose and mannitol; lactose is never fermented. Indol pro- 
duction is variable. The species was originally divided by Andrewes and 
Inman into five serological races (V, W, X, Y, and Z). The more recent 
studies of Boyd and others have now established 12 or more types. (See 
table XX XIII.) 

b. SHIGELLA ALKALESCENS. This bacillus as frequently isolated from 
normal feces and is occasionally associated with dysentery. It ferments 
dextrose, mannitol, maltose, xylose, dulcitol, rhamnose, and sometimes 
sucrose, never attacking lactose. The most characteristic reaction is an 
initial and lasting intense alkalinity produced in BCP milk. 

¢. SHIGELLA SONNEI (SONNE’s BaAciLitus). This is a very common 
cause of dysentery in adults and children. It ferments dextrose, manni- 
tol, maltose, rhamnose, lactose, and sucrose with the formation of acid 
but no gas; dulcitol and sorbitol are never attacked. The fermentation 
of lactose, sucrose, and rhamnose may require days or weeks. Indol is 
not formed. In laboratory cultures rapid dissociation to a rough phase 
occurs with loss of serological specificity. 

d. SHIGELLA MADAMPENSIs and SH. CEYLONENSIS. These organisms 
are frequently found in normal feces and are of doubtful pathogenicity. 
(For fermentation reactions see table XX XIII.) Indol is formed. These 


two organisms were originally grouped with Sh. sonnei under the name 
of Sh. dispar. 


339. Special Methods 

a. Microscopic EXAMINATION. In bacillary dysentery, an early pre- 
sumptive diagnosis can usually be made by direct microscopic examina- 
tion of fresh fecal discharges: 


(1) Select portions of a very fresh specimen containing bits of mucus, 
bloody feces, or shreds of the exudate. Prepare thin films and stain 
with Wrights’ or Giemsa’s stain. In addition, make cover glass prepara- 
tions, both unstained and stained with Loeffler’s methylene blue or a 1 
percent aqueous solution of brilliant cresyl blue, in order to study the 
cells present. 

(2) If the disease is the bacillary type of dysentery, microscopic ex- 
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amination will show blood in varying amounts, but usually abundant 
early in the disease. Polymorphonuclear neutrophiles form about 90 per- 
cent of the exudate; many of these show nuclear degeneration (ringing), 
and the cytoplasm frequently contains fat. Endothelial macrophages, 
which are present in varying numbers, are actively phagocytic and fre- 
quently contain engulfed bacteria, erythrocytes, and leukocytes; these 
undergo degeneration and form “ghost cells.” Plasma cells are present 
and are more abundant early in the disease. The bacterial content is 
scanty. 

(3) The characteristic findings in stools from cases of amebic dysen- 
tery are given in chapter 13. 

b. CULTURAL EXAMINATION. Dysentery bacilli may be isolated from 

the feces or rectal swabs of patients and carriers by the methods indi- 
cated above in the section covering the typhoid bacillus. Both EMB 
agar plates and either desoxycholate-citrate or SS agar plates should be 
inoculated routinely. The latter two media are especially favorable for 
the isolation of Shigella. The blood stream is not invaded in bacillary 
dysentery, hence blood cultures are not indicated. Final identification of 
the organisms isolated must be based upon complete biochemical and 
serological study. 
_ ¢. SEROLOGICAL JDENTIFICATION. (1) The members of the genus 
Shigella make up a group of species and types having a complex sero- 
logical interrelationship. Some of the species such as Sh. dysenteriae, 
Sh. ambigua, and Sh. sonnei are relatively homogeneous serologically. 
Other species contain one or more antigenic factors common to other 
species, or consist of several races or strains that show widely variable 
antigenic relationships. The types included in Sh. paradysenteriae show 
the greatest complexity and present the greatest difficulty in identification 
because of close immunological similarities. The original division of the 
group by Andrewes and Inman into five races (V, W, X, Y, and Z) 
has been modified and extended by Boyd and others. The V, W, and Z 
types have been retained and additional members added; at present 12 
or more serological types are recognized. (See table XXXIII.) The 
validity of types X and Y has been questioned. They probably represent 
degraded laboratory variants, and are extremely uncommon if they occur 
at all in active infections. 

(2) Organisms suspected of belonging to the genus Shigella can be 
rapidly and accurately identified in most cases by means of a slide ag- 
_glutination technic using polyvalent and monovalent absorbed sera. Two 
types of kits are being furnished Medical Department laboratories for 
this purpose; a comprehensive kit covering all the important types or 
species, which is supplied to Army or larger laboratories, and a simplfied 
kit covering many of the commoner dysentery bacilli, which is available 
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to hospital laboratories. Both contain three polyvalent sera (A, B, and 
C) dividing the members into three groups. On a basis of the polyvalent 
group, selected monovalent sera are used to place the organisms in their 
specific type or species. Cultures unidentifiable by means of these sera 
should be forwarded to a higher reference laboratory. The procedure 
for the macroscopic slide agglutination reaction is as follows: 

(a) Prepare an antigen by washing the growth from an 18- to 24-hour 
plain agar, RDS, or Kligler iron agar slant with about 2 cc of physio- 
logical salt solution. The growth on the slant should cover the entire 
surface; infusion agar cultures should not be used. 

(b) Prepare a series of transverse channels on a grease-free slide; 
these channels should be approximately 14 inch wide and made with a 
wax pencil. Six to eight channels may be made on one slide. The lines 
must run all the way to the edge and the slide should be warmed in a 
flame to fix the wax. 

(c) Place a very small drop of the bacterial suspension in each of 
three channels. 

(d) Place a slightly larger drop of polyvalent serum into each channel 
near the drop of antigen. Join the antigen and serum drops by tilting 
the slide, and continue to rock the slide back and forth for 5 minutes, 
unless a definite reaction occurs in less time. Use a microscope lamp or 
similar light source for reading the reactions. 

(e) Following a positive reaction with the polyvalent serum, select 
the appropriate monovalent sera and test in a like manner. For complete 
instructions, especially for those antigens which must be heated, see the 
directive accompanying each kit. The serological identification must be 
regarded as incomplete without parallel biochemical studies, which may 
be done before or after testing in the typing sera. 


Note. Agglutination tests using a patient’s serum against known antigens are of 
little or no diagnostic value. 


340. Pseudomonas Aeruginosa (Bacillus Pyocyaneus, Bacillus of 
Blue-green Pus) 

a. CHARACTERISTICS. This is a small, slender, motile, gram-negative 
rod, growing readily on ordinary nutrient agar. The colony is rather 
large, spreading and translucent with a yellowish-green color. The sur- 
rounding medium is colored green as a result of the development of a 
soluble blue-green pigment. Growth is aerobic and facultatively anaero- 
bic, but the pigment develops only in the presence of oxygen. It is usually 
more intense if grown on plain agar at 30° C. or at room temperature. 
Spores are not formed. 

b. Host RELATION. Ps. aeruginosa is essentially nonpathogenic, but 
often appears as a secondary invader, particularly in wound infections, 
where it imparts a characteristic blue-green color to the pus. 
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c. DIAGNOosTIC CRITERIA. The demonstration of characteristic motile, 
gram-negative rods that form a soluble blue-green pigment after 1 to 4 
days incubation is sufficient to identify an organism as Ps. aeruginosa. 


341. Genus Proteus 

a. CHARACTERISTICS. This genus contains several species, Proteus 
vulgaris being representative. Proteus organisms are gram-negative rods 
showing marked pleomorphism manifested by long filaments and curved 
forms. They are actively motile, with peritrichous flagella, and grow 
readily on ordinary media. They show a tendency to “swarm” (that is, 
to cover the entire surface of a plate with a transparent film of growth), 
particularly if the medium is moist. Freshly isolated strains are actively 
proteolytic, liquefying gelatin rapidly. Dextrose and generally sucrose 
and other sugars are fermented with the production of acid and a small 
amount of gas, lactose is never fermented. (See table XXXII.) In 
mixed culture material, the swarming of Proteus frequently interferes 
with the isolation of other organisms. Sometimes this can be prevented 
by pouring a thin layer of sterile agar over the inoculated plate or by 
incubating the plate anaerobically, assuming that the other organisms 
sought can develop under such conditions. An effective method of pre- 
venting the swarming of Proteus, without inhibition of other organisms, 
is to add to the plating agar, with or without blood, about 0.25 cc of a 
5 percent aqueous solution of chloral hydrate. Chloral hydrate renders 
the bacilli temporarily nonmotile. Nonmotile or O variants do not 
swarm. P. morganii differs from the other species of the genus in sev- 
eral respects: no sugars are fermented except the hexoses (dextrose, 
etc.) and rarely xylose and sucrose; gelatin is not liquefied; no “swarm- 
ing’ occurs except on soft (1 percent) agar incubated at room tempera- 
ture. : 

b. Host Reration. Proteus organisms are frequently a cause of 
cystitis or occur as secondary invaders in wounds. Their presence favors 
the development of anaerobes. They are commonly present in feces. One 
strain of this organism is of importance since it agglutinates in the serum 
of patients having typhus fever (Weil-Felix reaction), although it has 
no etiologic significance in that disease. This strain is a nonmotile O 
variant, designated Proteus OX19. Another strain, Proteus Kingsbury 
OXK, is used in the same way in the diagnosis of scrub typhus (tsut- 
sugamushi fever). Proteus OX2 has been used in the differential diag- 
nosis of Rocky Mountain spotted fever. P. morganii is of interest be- 
cause of its occasional association with diarrheal disorders. 

c. DiaGNostic CriTErRIA. A motile, nonchromogenic, gram-negative 
bacillus that produces characteristic swarming and liquefies gelatin may 


be provisionally classified as a member of the genus Proteus. Further 
688862°—46—24 
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identification is rarely required. A failure to swarm on ordinary agar 
or failure to liquefy gelatin promptly, however, does not necessarily ex- 
clude Proteus. Agglutination tests are of no value in identifying members 
of the genus. 


342. Vibrio Comma (V. Cholerae, Cholera Vibrio, Comma 


Bacillus) 
a. CHARACTERISTICS. The cholera vibrio causes Asiatic cholera, an 


intestinal infection in which tremendous quantities of fluid are lost 
through the wall of the bowel and by vomiting. As the name implies, 
these are moderately small, slightly curved rods with rounded ends, 
often resembling a comma. They occur singly. or two or more may be 
attached end to end, giving an S or spiral appearance. They frequently 
are described as resembling Chinese characters. They are gram-negative 
and very actively motile by means of a single polar flagellum. Growth 
is abundant on ordinary nutrient medium; 24-hour colonies are 1 to 2 
mm in diameter, smooth, gray, and translucent. In broth a fragile pellicle 
develops. Peptone water cultures give a positive “cholera-red” reaction 
due to concurrent production of indol and reduction of nitrates. This 
reaction is also given by two saprophytic species. Gelatin is liquefied. 
Several carbohydrates are fermented with acid only. V. comma and 
other vibrios are markedly aerobic; they grow best in the presence of 
abundant oxygen, giving a rapid growth on the surface of liquid media. 
Growth is almost nil under strictly anaerobic conditions. The cholera 
vibrio is capable of developing readily in a fairly alkaline (pH 8 to 8.4) 
medium, which is inhibitory to most other intestinal organisms. These 
last two facts are made use of in the isolation of the organism from feces 
and water. There are several classified, and probably many unclassified 
vibrios, that may be isolated from feces or water which can be differen- 
tiated on serological and biochemical characteristics. 

b. Spectra, Metuops. VY. comma may be isolated from the stools or 
intestinal contents of cases or carriers, and from contaminated water or 
foods; it can be identified by microscopic, cultural, and serological 
methods. 

(1) Specimen collection. The “rice water” stool of cases and the 
feces of carriers are collected without the addition of glycerol or other 
preservative. Surface water is collected in a sterile liter flask or other 
container. 

(2) Microscopy. A presumptive diagnosis of suspected cases, not of 
carriers, may be quickly made by examining stained spreads of flakes of 
mucus from the “rice water” stool. Stain by the Gram method and with 
dilute carbolfuchsin. If Gram-negative, comma-shaped organisms are 
present, examine a hanging-drop preparation. A presumptive positive 
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report may be made if large numbers of typical, actively motile vibrios 
are found. This finding must then be confirmed by cultural examination 
and serological tests. 

(3) Cultivation: (a) Feces. Specimens of feces from suspected cases 
or carriers should be planted, using two or more loopfuls of intestinal 
mucus or liquid feces, with the least possible delay and incubated at 37° 
C. As media, use several tubes of alkaline peptone water (pH 8 to 8.4) 
and alkaline nutrient agar (pH 8 to 8.4) or Dieudonne’s agar. 

(b) Water. Water under test is placed in 100 cc amounts in sterile 
flasks. To each flask is added 10 cc of 10 percent peptone water. After 
6 to 12 hours incubation at 37° C., transfer a portion of the surface 
growth to one of the media mentioned above. 

(4) Presumptive tests. After 6 to 8 hours incubation at 37° C., ex- 
amine hanging-drop and stained-film preparations made from the surface 
growth of peptone water. If Gram-negative, motile vibrios in large 
numbers are noted, add a few drops of commercial sulfuric acid to a 
24-hour peptone water culture; a resulting red color (positive “cholera- 
red” test) depends on the nitroso-indol reaction from the production of 
indol and the reduction of nitrate in the peptone. 

(5) Confirmatory tests. If either of the presumptive tests is positive, 
obtain pure cultures for confirmation by selecting isolated colonies from 
plate media and transferring to a gelatin tube (for characteristic type of 
liquefaction), to alkaline peptone water (for “cholera-red’” test), and 

_ to an agar slant (for macroscopic tube-agglutination test). 


343. Genus Brucella 

a. CHARACTERISTICS. Three species of significance to man occur in 
this genus—B5r. melitensis, abortus, and suis, natural pathogens of goats, 
cattle, and hogs, respectively. They are small, very short, sometimes al- 
most coccoid, gram-negative, nonmotile bacilli. Freshly isolated strains 
of Br. abortus usually show no growth unless they are incubated in an 
atmosphere containing 5 to 10 percent carbon dioxide. Br. melitensis, 
although not requiring increased carbon dioxide, generally grows better 
in its presence. Br. suis not only does not require increased carbon diox- 
ide but growth is not improved by its presence. Growth on all media is 
slow, and is best on 2 percent tryptose agar or broth. After 48 hours 
the colonies are 1 to 2 mm in diameter, grayish, and translucent. Agar 
cultures turn brownish after several days. No carbohydrates are fer- 
mented. In addition to differences in carbon dioxide requirements, the 
three species may be differentiated on the basis of susceptibility to va- 
rious dyes and by hydrogen sulfide production. (See table XXXIV.) 
Tests show almost complete cross-agglutination among the three species. 
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Table XXXIV. Differentiation of brucella 


pein ai gs Growth on media containing— 
‘ carbon dioxide hydrogen 
Species required for sulnde : : 
primary formation Thionin Basic fuchsin 
isolation (days) 
Br. melitensis __— _- = +1 4 + 
Brvabortuss-- 220s + 2 — =r 


Br euise: 22 sace oe 4 + 


b. Host Retation. Br. melitensis, suis, and abortus, listed in order 
of their virulence for man, are responsible for undulant fever and other 
forms of brucellosis. The route of infection may be cutaneous, conjunc- 
tival, or oral—the first two by contact with infected animals or animal 
products, the last by ingestion of raw milk or milk products from infected 
cattle or goats. The nature of the disease is extremely variable and 
chronic. The average duration is 3 months. The infection is generalized 
with localization in the lymphatic system. Early in the disease the or- 
ganism may be cultivated from the blood stream, most often in cases due 
to Br. melitensis. After 2 to 3 weeks, the likelihood of isolation from 
the blood is not great. Agglutinins develop during the first 2 or 3 weeks. 
A positive agglutination in individuals who have been constantly exposed 
to infection (veterinarians, farmers, meat handlers, and tanners) may be 
of no significance since many of these individuals show agglutinins in the 
absence of any clinical signs of diseases. Apparently a considerable num- 
ber of persons have some acquired immunity. 

c. DriaGNostic Criter1A. The isolation of small, gram-negative cocco- 
bacilli showing rather sparse growth, fermenting no carbohydrates, and 
agglutinating in a Brucella antiserum indicates the genus. Blood cultures 
should be examined periodically for 4 weeks before being discarded as 
negative. If carbon dioxide is required for growth, the organism is prob- 
ably Br. abortus. Under ordinary circumstances, no further species dif- 
ferentiation is indicated. 

d. SpectaL Metuops. (1) Microscopic. The three strains are indis- 
tinguishable morphologically, however stained smears from pathological 
lesions should be examined for the small Gram-negative rods described 
above. | 

(2) Cultural. Although the organisms may be found in the blood 
early in the disease and during the febrile periods and in urine and milk 
specimens at irregular intervals, the percentage of positive cultures, even 
from proved cases, is low. 

(a) Obtain a specimen consisting of 10 to 12 cc of blood or 50 ce of 
urine or milk. Other substances such as the contents of an ovarian cyst, 
synovial fluid, and excised lymph nodes may also be subjected to cultural 
study. 
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(b) Inoculate two flasks containing 50 to 100 cc of 2 percent tryptose 
broth (pH 6.6 to 7.0) with 5 to 10 cc of blood, several loopfuls of sedi- 
ment from a catheterized urine specimen, or several loopfuls of sediment 
and of the cream layer from milk. Also streak the specimen on two tryp- 
tose agar plates. 

(c) Incubate one set of media in incubator at 37° C. for growth of 
Dr. melitensis and Br. suis; place the other set in jar containing 10 per- 
cent carbon dioxide and incubate at 37° C. for Br. abortus. 

(d) Examine plates and gram-stained films from broth after 48 hours 
and at frequent intervals thereafter for growth. Streak new plates from 
broth at least once per week, even if no evidence of growth is discern- 
ible. Observe cultures for at least 4 weeks before reporting them as 
negative. 

(e) Identify any positive culture as belonging to this group by eu 
tination with antisera prepared against Br. abortus. 

(f) Although not usually required, the species of young cultures can be 
determined by tests for hydrogen sulfide production and by ability of the 
organism to grow on media containing certain dyes (basic fuchsin and 
thionin). (See table XXXIV.) 

e. ANIMAL INocu.aTions. Br. melitensis and Br. suis and less con- 
stantly Br. abortus, may be isolated from infected material by subcuta- 
neous inoculation into guinea pigs (preferably males). After 4 weeks, 
kill the animal; examine gram-stained smears from the lymph nodes, 
spleen, and liver, and make cultures from the liver, spleen, blood, and 
lymph nodes. This test is seldom used because of the great danger of 
laboratory infection. 

f. SeroLocicaL. (1) Identification of organisms. There is complete 
cross agglutination to titer between an antigen prepared with any of the 
three species and antisera prepared against any other species. It is there- 
fore unnecessary to maintain cultures of an antiserum for more than one 
species. 

(2) Identification of antibodies. Serum from a patient taken after the 
fifth day of disease usually contains agglutinins. Set up macroscopic 
agglutination tests in dilution from 1:20 to 1:160 or higher against a Br. 
abortus antigen and against Pasteurella tularensis antigen. Agglutination 
of the Brucella antigen in a dilution of 1:100 or higher is considered to 
be significant. Cross-agglutination in serum from patients with brucel- 
losis or tularemia is frequently present, but is less marked with the heter- 
ologous antigen. Agglutinins may persist for years after recovery. 
This is the most valuable test for diagnosing Brucella infections and is the 
only one routinely used. 


344. Genus Pasteurella (Hemorrhagic Septicemia Group) 


This genus is characteristically pathogenic for lower animals, but it in- 
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cludes two species also pathogenic for man, P. Pestis and P. tularensis, 
All species show bipolar staining. Milk is not coagulated. The genus 
can be divided as follows: The animal pasteurellas (five species) grow 
on ordinary media, produce indol and hydrogen sulfide, and ferment 
sorbitol; they do not grow in bile. P. Pestis grows on ordinary media, 
produces neither indol nor hydrogen sulfide, grow in bile, and does not 
ferment sorbitol. P. tularensis does not grow on ordinary media. 


345. Pasteurella Pestis (Plague Bacillus) 

a. CHARACTERISTICS. These are short, thick, nonmotile, gram-negative 
rods showing bipolar staining and pleomorphism that may be marked in 
direct smears of infected tissue. Characteristic bladder, safetypin, and 
ring involution forms occur. Halos, indicative of the presence of cap- 
sules, may be seen in such smears. Growth on ordinary nutrient media 
is slow. Pleomorphic forms appear in old cultures or especially in cul- 
tures on 3 percent salt agar. In 24 hours on plain agar the colonies are 
0.5 mm or less in diameter ; in 3 to 4 days they reach a size of 3 to 4 mm 
and are grayish-yellow and viscous. In nutrient broth there is little 
turbidity but a granular deposit develops. The organisms are aerobic 
and grow poorly anaerobically. Biochemical reactions are of value in 
classification: P. pestis grows in BCP milk with no change in reaction 
or slight acid without clot, produces neither indol nor hydrogen sulfide, 
grows in bile, and fails to ferment sorbitol. When sugars are fermented, 
little acid is produced (pH 6.5) and no gas is formed. 

b. Host Retation. P. Pestis is the cause of plague in man and of a 
widespread disease of rats, ground squirrels, and other rodents. Two 
forms of plague occur in man: the bubonic type, contracted from infected 
rat fleas, and the pneumonic type, spread by sputum droplets from man 
to man. In bubonic plague, the infection first appears in the lymph nodes, 
usually those in the inguinal region. The organism may be obtained from 
these by puncture with a hypodermic needle. Infection is not restricted 
to this site since organisms may often be cultivated from the blood stream 
at any time during the disease. In some cases organisms may be seen in 
direct smears of the blood. The urine may, but the feces does not, con- 
tain plague bacilli. In the pneumonic type, the sputum contains the or- 
ganisms in large numbers. In naturally infected rats, ground squirrels, 
and other rodents, similar lymph nodes or buboes may appear, which 
contain the organisms in large numbers; the spleen is also heavily in- 
fected. The bacilli may live for months in the bodies of dead animals. 

_ ¢. SpectAL Metuops. (1) Microscopic examination. Stain films from 
suspect materials by the Gram method, and with methylene blue, crystal 
violet, or dilute carbol-fuchsin (for bipolar staining). The presence of 
gram-negative, short, ovoid, polar-staining bacilli, including many degen- 
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erated and poorly stained forms, is suggestive but not conclusive evi- 
dence of P. pestis infection. 

(2) Culture. Inoculate the surface of blood agar, glycerol agar, and 
3 percent sodium chloride agar plates. Plant a sample of blood into infu- 
sion broth or tryptose phosphate broth. Incubate cultures at 30° to 35° 
C. for 36 to 48 hours. Observe growth and transfer to agar, broth, BCP 
milk, gelatin, tryptone broth, lead acetate medium and sorbitol broth for 
further study. 

(3) Animal inoculation. Inoculate guinea pigs or mice subcutaneously 
with small amounts of the original specimen, or with a loopful of sus- 
pected culture. Putrefied materials may be applied to the freshly shaven 
abdomen of a guinea pig (plague bacilli penetrate the abraded skin, con- 
taminants do not). If P. pestis is present, the animals will develop char- 
acteristic lesions and die in 2 to 5 days, with a characteristic post-mortem 
appearance. Subcutaneous injection into guinea pigs provokes local 
edema followed by inflammatory swelling of the regional lymph nodes 
and a generalized infection. At post mortem, the lymph nodes are en- 
larged and surrounded by hemorrhagic exudate. There are small, gray- 
ish, necrotic areas in the liver and spleen, and the bacilli are found in local 
lesions, buboes, and internal organs, especially the spleen and blood. P. 
pestis may be cultured from the lesions. 


Caution: Animals should be freed of all ecto-parasites, prior to use, 
by dipping them in an antiseptic solution. Then place in glass jars cov- 
ered with fine mesh gauze to prevent access or escape of any parasites. 
When handling animals, living or dead, protect the hands and arms by 
wearing rubber gloves and long-sleeved gown. 

d. D1aAGNosis oF PLAGUE IN RopEents. (1) The natural infection in 
rodents can usually be detected by the post-mortem appearance, which 
includes a bubo, with hemorrhagic spots and areas of gray necrosis, sub- 
cutaneous and general congestion, a granular liver, with punctate hemor- 
rhage and gray-yellow spots, a congested spleen, and pleural effusion. 

(2) Bacilli may be found in the bubo, liver, spleen, and blood, and 
isolated for study in pure culture by the methods used for human mate- 
rials. 

(3) If the animal is to be shipped to a distant laboratory for examina- 
tion, the entire carcass is placed, without preservative, in a tightly sealed 
container that is packed in a second container to avoid breakage and 
escape of contents. The package must be shipped by express (Federal 
laws prohibit the shipment of plague-infected materials by mail.) De- 
composition may be avoided by surrounding the inner container with ice 
or “dry ice.” Label the package “Perishable—for bacteriological exam- 
ination—please expedite.” a 
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346. Pasteurella Tularensis 
a. CHARACTERISTICS. This organism is an extremely small, gram- 


negative, nonmotile bacillus, bacillary, coccoid, and pleomorphic forms 
occur. It is best examined in preparations stained with crystal violet or 
carbol-fuchsin to demonstrate bipolar staining. No growth occurs on 
ordinary nutrient media unless 0.05 to 0.10 percent cystine is added. 
Growth is best on dextrose-cystine-blood agar, with small, gray, translucent 
colonies developing in 24 to 48 hours at 37° C. The organism is aerobic. 
It is serologically related to the genus Brucella, agglutinating in Brucella 
anti-serum to about one-fourth the homologous titer. The organism is 
exceedingly virulent, and many laboratory infections have occurred. 

b. Host Reration. P. tularensis is the causative agent of tularemia, 
a natural disease of wild rabbits and ground squirrels. In man, the or- 
ganism can enter the unbroken skin or be introduced by the bite of 
infected ticks or flies. Tularemia in man is usually contracted from 
handling or dressing infected rabbits. A local infection is set up, which 
spreads to give rise to a generalized infection. 

c. SpectaL MetHop. (1) Microscopic examination. This is of value 
for studying the morphology of the organisms (stained smears from the 
local ulcer may be negative) and to rule out M. tuberculosis by observ- 
ing acid-fast stains of spreads made from pathological materials. 

(2) Culture. A sample of infected tissue, pus, fluid, or blood is 
planted on slants of dextrose-cystine-blood agar, and incubated at 37° C. 
for 3 to 5 days. Blood-agar plates are also planted to detect other organ- 
isms. Observe the cystine slants for characteristic colonies. If negative, 
continue observation for 21 days. If growth occurs, identify the organ- 
ism by stained spread, pure culture transplants, and by macroscopic ag- 
glutination tests with a high titer antiserum. Cultures made from the 
blood and lesions of man are usually unsatisfactory. Cultures should be 
made from the heart’s blood, spleen, lymph nodes, and liver of guinea 
pigs following inoculation with material from the patient. 

(3) Animal inoculation. Inoculate guinea pigs, rabbits, or mice with 
suspected materials from lymph nodes, ulcers or blood, subcutaneously ; 
if other bacteria are present, the material can be rubbed on the recently 
shaven, abraded abdomen. If P. tularensis is present, the animal usually 
dies in 5 to 10 days with characteristic lesions which include hemorrhagic 
edema, but no pus, at the site of inoculation, cervical, axillary, or inguinal 
buboes, enlarged nymph nodes filled with dry, yellow, caseous material, 
an enlarged, dark spleen and a liver that contains discrete, white, caseous 
granules ; organisms can be seen in spreads and can be cultured from the 
spleen, liver, bubo, and blood. 

Caution: Extraordinary precautions must be taken in handling ani- 
mals inoculated with P. tularensis because of the great risk of infection. 

(4) Agglutination reaction. The macroscopic tube method is pre- 
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ferred. Set up agglutination tests of the patient’s serum against P. tula- 
rensis and Brucella abortus antigens. Agglutination of P. tularensis by 
serum in dilutions of 1:80 or higher is considered diagnostic of tularemia 
provided there is not a high cross-agglutination with Brucella. Agglu- 
tinins appear in the patient’s blood after the first week of the disease and 
usually increase rapidly. Identity of a suspected culture may be estab- 
lished by a similar test, using a suspension of the organisms and serial 
dilutions of a P. tularensis antiserum of. known titer. The resultant ag- 
glutination to be significant, must be present in dilutions approaching the 
known titer of the serum. 


347. Malleomyces Mallei (Pfeifferella Mallei, Glanders Bacillus) 

a. CHARACTERISTICS. The glanders bacillus is a small, slender rod, 
sometimes slightly curved, gram-negative, nonmotile, without spores, and 
nonacid fast. In culture, long filaments may appear. Growth occurs 
on ordinary nutrient agar with a 24-hour colony about 1 mm in diameter, 
smooth, grayish-yellow and translucent. A ropy sediment develops in 
broth. There is yellow to brownish honeylike growth on potato. Milk 
is coagulated slowly and sometimes digested. Carbohydrates usually are 
not fermented. Some strains produce small amounts of acid from dex- 
trose. Under anaerobic conditions almost no growth takes place. 

b. Host Retation. M. mallet is the cause of glanders or “farcy” in 
horses, mules, and occasionally man. The disease may arise in an infected 
skin abrasion or from the infection of the nasal mucosa. Multiple sub- 
cutaneous abscesses appear from which the organisms may be demon- 
strated microscopically or culturally. The purulent nasal discharge which 
may be present will also contain the organisms. In smears of pus from 
older abscesses, it is often difficult to find the organisms, but cultivation 
is still possible. 

c. SpectaL Metuops. (1) Animal inoculation. Inject a small amount 
of infected material from a lesion, or a suspension of a culture, intra- 
peritoneally. in a male guinea pig. If M. mallei is present, orchitis starts 
in 2 to 3 days; later there is tumefaction and pus formation (the Strauss 
reaction). Post-mortem findings, in addition to the testicular lesions, 
consist: of subcutaneous abscesses and small miliary grayish-white nod- 
ules in the liver, spleen, pancreas, and lungs. Bacilli may be recovered 
from these lesions. 

(2) Complement fixation test. This test can be applied to blood serum, 
using a special glanders antigen. : 

(3) Culture. <Aseptically removed specimens of pus from suspected 
lesions, lymph nodes, or other material, are placed on 3 percent glycerol 
agar (pH 6.6 to 7.0) and potato medium, and given prolonged incuba- 
tion at 37° C. If M. mallei is present, after several days or a week, round, 
whitish or yellowish colonies appear; on potato media the growth is yel- 
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lowish, semitransparent and honeylike, becoming brownish or amber and 
tenaceous, the medium assuming a green or greenish-brown tint. 

(4) Histological sections. Stained sections of infected tissue show 
typical glanders tubercles. 


348. Genus Hemophilus 

The important pathogenic species of this genus are H. influenzae, H. per- 
tussis, H. ducreyi, and H. duplex. They are small, nonmotile, nonspore 
forming, gram-negative rods, sometimes almost coccoid and sometimes 
threadlike and pleomorphic. They stain faintly, best with dilute carbol- 
fuchsin. All are strict parasites. They cannot be cultured on ordinary 
nutrient media, growing best (or only) in the presence of hemoglobin, 
and in general requiring blood, ascitic fluid, or other growth accessory 
substances found in plant or animal tissue. They grow best aerobically, 
but will grow poorly under anaerobic conditions. 


349. Hemophilus Influenzae (Influenza Bacillus, Pfeiffer's Bacillus, 
Koch-Weeks Bacillus) 

a, CHARACTERISTICS. For growth, the influenza bacillus requires two 
accessory substances, the so-called “X” and “V” factors. X is furnished 
by hematin, a break-down product of hemoglobin. V is a co-enzyme 
present in blood and various vegetable and animal tissues. Heated-blood 
(chocolate) agar or heated-blood broth contains both factors and is the 
medium of choice. Subcultures on plain or serum agar fail to grow. A 
24-hour colony on chocolate agar is a little less than 1 mm in diameter 
and is translucent. Some strains also will grow on ordinary blood agar 
but usually not well. Fair growth or small nonhemolytic colonies occurs 
in 48 hours on unheated rabbit or sheep blood agar. There is less growth 
with human blood and no growth with cow or goat blood. If the blood 
is heated, as in chocolate blood agar, the species of blood is unimportant. 
On ordinary blood agar plates with a variety of growth, the colonies of 
H. influenzae (or of any species of Hemophilus requiring the V factor) 
in close proximity to colonies of certain other bacteria (particularly sta- 
phylococci) are much larger than those not so located; this phenomenon 
is due to the liberation of a co-enzyme by the contaminating bacterium. 
Indol is produced, nitrates are reduced and dextrose is fermented in 
heated-blood broth. Other fermentation reactions are of little differential 
value. . 

b. Host Reration. The influenza bacillus is a common inhabitant of 
the normal respiratory tract and is often present in large numbers in 
tuberculous sputum. Sometimes it is involved in secondary pneumonia, 
particularly during an influenza epidemic, although it is not the primary 
cause of influenza, as was once believed. It is a frequent cause of non- 
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epidemic meningitis, and in such cases the organisms may be seen in 
direct smears of the cerebrospinal fluid and may be cultivated from it. 
It is in this condition that identification is usually requested. The influ- 
enza bacillus may also be responsible for conjunctivitis, and was first de- 
scribed in this connection as the Koch-Weeks bacillus. 

c. IDENTIFICATION. (1) Conjunctival specimens. Make a slide spread 
from the conjunctiva and stain by the Gram method and with dilute 
carbol-fuchsin. Observe for minute gram-negative bacilli, often intracel- 
lular. Cultures are not informative except to reveal other organisms. 

(2) Spinal fluid, sputum, and other materials. Culture on chocolate 
agar, and incubate at 37° C. for 2 days. Colonies are identified by their 
appearance, the microscopic morphology of the organisms and the fail- 
ure of subcultures to grow on plain agar. The colony may be confused 
with that. of a streptococcus. Specific identification considers the source 
of the specimen, its hemolytic properties, and the requirements of acces- 
sory growth factors. A simple test for determining the need for the V 
factor (co-enzyme) is to streak the entire surface of a blood agar plate 
withthe suspected organism and then to make (at a right angle to the 
other streaks) a single streak of a pure culture of Staph. aureus; if the 
V factor is required for growth, the colonies of the suspected organism 
close to the streak of staphylococci will exhibit growth after 24 to 48 
hours of incubation. 


350. Hemophilus Hemolyticus 

This bacillus is of little or no pathogenic significance, but is sometimes 
found in the upper respiratory tract. It produces beta hemolysis in un- 
heated rabbit blood agar, and thus may be mistaken for a beta-hemolytic 
streptococcus. The growth requirements are about the same as those of 
H. influenzae. 


351. Hemophilus Pertussis 

a. CHARACTERISTICS. Small, gram-negative rods of considerable regu- 
larity and with little tendency to form filaments are characteristic of this 
organism. Although the X and V factors are not required, for primary 
isolation a special blood glycerol potato agar (pH 5.0) (Bordet-Gengou 
medium) must be used. The plates should be incubated in a moist atmo- 
sphere for 4 or 5 days before being discarded. At some time during this 
period very small, almost globular, colonies may appear; such colonies 
have a slightly grayish luster by reflected light and have been compared 
to droplets of mercury. Later there is a hazy zone of hemolysis about the 
colony, difficult to see because of the large amount of blood in the me- 
dium. After continued subcultivation, the organism usually grows on 
ordinary blood agar and, eventually, on unenriched nutrient agar, but such 
a change is accompanied by dissociation and the loss of the antigenic 
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properties that are desirable for the making of efficient vaccines. Dex- 
trose is not fermented, indol is not formed, and nitrates are not reduced. 
Very rarely, H. parapertussis, primary growth of which will occur on 
ordinary nutrient agar, may be encountered. 

b. Host Retation. As the cause of pertussis (whooping cough), H. 
pertussis is present in large numbers in the trachea and bronchi during 
the first 2 or 3 weeks of the disease but is difficult to isolate after that 
time. Isolation may be done by the cough-plate method, in which a plate 
of Bordet-Gengou medium is held vertically in front of, and a few inches 
away from, the face of the patient during a paroxysm of~coughing. 
Swabbings, taken from the nasopharynx, often yield positive cultures more 
frequently than do cough plates. 

c. DiacNostic Criterta. The presence of very small, gram-negative, 
rather regular rods, failing to grow on ordinary media on first isolation, 
producing small grayish colonies with hazy hemolysis in or after 72 hours 
on Bordet-Gengou medium establishes the probable identity, 


352. Hemophilus Ducreyi (Ducrey's Bacillus) 

a. CHARACTERISTICS. These are small, short, gram-negative rods that. 
may have ovoid forms; chain formation is occasionally seen. In direct 
smears from lesion, the organisms may appear within leucocytes. Culti- 
vation is difficult; either a small amount of whole rabbit blood, allowed 
to clot in a small test tube and heated at 56° C. for 15 minutes, or blood 
agar made with 20 to 30 percent defibrinated rabbit blood, usually gives 
satisfactory growth. The 24-hour colony at 37° C. is usually less than 
1 mm in diameter, grayish, and granular. 

b. Host RELation. This organism is the causative agent of chancroid, 
or soft chancre, a venereal infection that is not inoculable to lower ani- 
mals. The primary lesion is a spreading ulcer; smears made from the 
lesion show the characteristic organisms. Cultures may be made directly 
from the lesion. The regional lymph nodes are enlarged. From these 
buboes material for cultures may be obtained by aspiration with a sterile 
hypodermic syringe. From the latter source pure cultures are likeliest to 
be obtained. 

c. DracNostic Criteria. A bacteriological diagnosis of chancroid is 
difficult and is not often necessary. It is sufficient to demonstrate char- 
acteristic, gram-negative rods in direct smears and in cultures from the 
ulcers or buboes, as indicated above, 


353. Hemophilus Duplex (Morax-Axenfeld Bacillus) 

a. CHARACTERISTICS. This organism is broader and longer than the 
other members of the genus and tends to be arranged in pairs, resembling 
Friedlander’s bacillus. It is not encapsulated. Growth is best on blood 
or serum containing medium. Twenty-four hour colonies are gray, trans- 
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lucent, and about 1 mm in diameter. In 3 to 4 days they reach a diameter 
of 5 to6 mm. Growth is less abundant on chocolate agar. On Loeffler’s 
coagulated serum, slight liquefaction occurs with pitting of the surface 
under each colony. 

b. Host Retation. H. duplex is the cause of a low-grade conjunc- 
tivitis. 

c. DiacNnostic Criterta. Direct smears of conjunctival pus should 
show thick, short, gram-negative rods, commonly arranged in pairs. They 
are free or within pus or epithelial cells. The characteristic growth on 
blood agar plates, the absence of growth on ordinary media, and slight 
liquefaction of Loeffler’s coagulated serum should be demonstrated. 


354. Genus Bacillus (Aerobic Spore Formers) 

This comprises a large group (146 species) of gram-positive, spore- 
bearing organisms. Only one species (B. anthracis) is pathogenic, but 
the others are frequently encountered as contaminants. One of these, B. 
subtilis, will be described as representative. 


355. Bacillus Subtilis (Hay Bacillus) 

a. CHARACTERISTICS. This organism is a long, actively motile, gram- 
positive rod. Gram staining may be uneven, with gram-positive granules 
appearing. Short chains usually occur. The sport, which is seen as an 
ellipsoidal, refractile, unstained body, is usually centrally located and does 
not bulge beyond the cell borders. Growth occurs readily on ordinary 
nutrient media. The colony on agar is characteristically rough and dry. 
In broth a surface pellicle appears. Gelatin is liquefied, and coagulated 
serum is digested. Growth is aerobic but also occurs in an atmosphere 
containing reduced oxygen. The spores are extremely resistant, with- 
standing boiling for hours; they are killed by autoclaving at 120° C. for 
15 to 20 minutes. 

b. Host Retation. The organism is essentially nonpathogenic and is 
commonly present in dust and soil, although it may appear in old wounds 
as a saprophyte and be confused with B. anthracis. It is sometimes the 
cause of a severe conjunctivitis. 


356. Bacillus Anthracis 

a. CHARACTERISTICS. Anthrax bacilli are large, nonmotile, gram-posi- 
tive, sporulating rods. In blood and body fluids of infected animals, they 
occur in pairs or short chains. In cultures, they occur in long, segmented, 
parallel chains. The ends of the bacillus are usually square or concave. 
Capsules are formed in the animal body and on serum media, but are lost 
on agar. Spores are centrally placed, formed only in the presence of 
oxygen, and are not formed in the animal body. On an agar plate, the 
colony is large, raised, dull, opaque, and grayish-white, with irregular bor- 


375 


ders and an uneven surface; it has a so-called “medusa-head”’ appearance 
under the low power of the microscope. In a gelatin stab there is a cra- 
teriform liquefaction, with an inverted pine tree appearance. Growth is 
aerobic and facultatively anaerobic. Spores are killed by boiling for 10 
minutes, but may survive in a dry state for years. 

b. Host Retation. The anthrax bacillus is a natural pathogen of 
cattle, sheep, and horses, giving rise to anthrax in these animals. The 
infection in man is usually a pustule on the skin. From this lesion, the 
organisms can be seen on direct smear, and can be cultivated. In the 
pneumonic form, which is sometimes seen, the organisms are contained in 
the sputum. Mice and guinea pigs are susceptible to infection by subcu- 
taneous inoculation. 

c. DiaGNostic CritertA. The material to be examined may consist of 
pus or fluid from skin lesion (malignant pustule), blood in the septicemic 
stage of a diseased or infected animal, sputum from a case of pulmonary 
infection, and spinal fluid from a case of meningeal infection (rare). 

(1) Microscopic examination. Make film preparations with the in- 
fected material, stain by the Gram method, and examine for the charac- 
teristic, large, gram-positive bacilli. Spores may be present only if the 
bacilli have been exposed to an atmospheric concentration of oxygen. In 
blood or animal tissues, the organisms are encapsulated. 

(2) Culture. Plant portions of the specimen in nutrient broth and on 
agar plates. Incubate at 37° C. for 24 hours or more, and observe colo- 
nies. For pure culture isolation, heat the broth culture to 60° C. for 20 
minutes to kill the associated organisms, and transplant on agar plates. 

(3) Anwnal inoculation. This is an important diagnostic procedure. 
Inoculate white mice, guinea pigs, or rabbits subcutaneously with small 
portions of the broth culture or of a suspension of the agar growth, or, 
for a rapid diagnosis, the original suspected material. If anthrax bacilli 
are present, the animal will die with a fatal septicemia in from 12 to 72 
hours. The blood will be dark and swarming with the square-ended ba- 
cilli. The organisms may be isolated from the blood, liver, and spleen. 

(4) Diagnosis. The diagnosis of anthrax is warranted if the specimen 
contains a gram-positive, square-ended, chain-producing, spore-forming, 
nonmotile bacillus that produces characteristic medusa-head colonies on 
agar and, when injected subcutaneously into small animals, produces a 
fatal septicemia. 


357. Genus Clostridium (Anaerobic Spore Formers) 

a. GENERAL. This genus comprises 51 species, of which Cl. tetani, the 
so-called “gas-gangrene group,” and the botulinus group are pathogenic 
for man. The members vary in the degree of anaerobiasis necessary for 
growth. They are large, gram-positive, spore-forming, usually motile 
rods. Many species are characterized by the production of potent exotox- 
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ins. With the exception of Cl. botulinum and Cl. parabotulinum (par. 
365), they are mainly of importance in wound infections. The spores are 
very resistant to heat and chemical disinfection. The principal differential 
characteristics of value in identifying a member of this genus are as fol- 
lows: 

(1) Position of spores. The spores of Cl. tetani are terminal; the 
spores of other pathogenic species are centrally to subterminally located. 

(2) Shape of sporangium. Most pathogenic species (with the excep- 
tion of Cl. perfringens and Cl. bifermentans) are characterized by swol- 
len spores, frequently presenting a drum stick or club-shaped picture. 

(3) Shape of spore. The spires of Cl. tetani are spherical; the spores 
of other pathogenic species are oval or elongated. 

(4) Motility. Cl. perfringens is nonmotile; other pathogenic species 
are motile. 

(5) Type of toxin produced. Each pathogenic species produces a toxin 
that is more or less species specific. 

(6) Biochemical tests for differentiation. These include gelatin lique- 
faction, liquefaction of coagulated serum, blackening of brain medium, 
and fermentation of various carbohydrates. 

b. Crostriptum Tetani (TETANUS Bacrtitus). (1) Characteris- 
tics. The tetanus bacillus is a strictly anaerobic, rather slender, weakly 
gram-positive bacillus. Many gram-negative forms appear, especially in 
old cultures. Motility is present. The spore is at the end of the organ- 
ism; it bulges out to give a drum-stick or tennis racket appearance. Early 
in its development, the spore stains solidly; later it resists the stain and 
is colorless. The colony on agar is ill-defined, gray, and translucent; it 
may spread to cover the entire plate. Dextrose is not fermented. (See 
table XX XV for other characteristics.) 

(2) Host Relation, Tetanus spores are commonly present in the feces 


-of man, horses, and cattle, or in soil contaminated with these materials. 


The spores may be introduced into wounds, and if anaerobic conditions 
exist, such as in a deep, penetrating wound, growth will occur, especially 
when there is considerable tissue destruction. The organisms remain 
localized in the wound, producing a powerful toxin, which is absorbed 
into the, system and causes the typical symptoms of tetanus, namely “lock- 
jaw.” 

(3) Diagnostic criteria. The identification of Cl. tetani in infected 
wounds is usually quite difficult. Although it may occasionally be demon- 
strated by microscopic or cultural methods, the most practical test is ani- 
mal inoculation. 

(a) Collection of specimens. Pus and tissue fragments taken from 
suspected wounds by surgical removal, on a sterile cotton swab, or on a 
platinum loop, may be placed in a tube of sterile saline solution, and this 
used for microscopic examinations, cultures, and toxicity tests. 
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(b) Microscopic examination. Make film preparations of the sus- 
pected material. Stain and examine for the characteristic drum-stick 
spores of Cl. tetani. If present in small numbers, they may be overlooked. 
If nonvirulent anaerobic or aerobic bacilli with round terminal spores are 
present, differentiation from the Cl. tetani cannot be made. Therefore 
this method of diagnosis is of little practical value. 

(c) Culture. Inoculate the specimen into thioglycollate medium, 
cooked-meat medium, or the water of condensation of an agar slant, and 
on a blood agar plate; incubate all except the thioglycollate medium at 
37° C. for 24 to 72 hours in an anaerobic jar and observe for the growth 
of tetanus bacilli. The agar slant, so inoculated, may give a pure culture 
of an effuse, tenacious proteuslike growth over the surface of the slope; 
subcultures from the edge of this fernlike growth into the water of con- 
densation of a fresh agar slant will yield Cl. tetani in pure culture after 
several transfers. If spores are present in the cooked-meat medium, heat 
the culture to 80° C. for 30 minutes to kill any nonsporulating organisms 
and then inoculate blood agar plates for the isolation of pure colonies. Cl. 
tetani cultures have a foul odor resembling burnt horn. 

(d) Animal inoculation. Mix a portion of the original material, of 
the heated culture, or, preferably, of a broth suspension of a pure culture, 
with an irritant such as sterile calcium chloride, or lactic acid, and inject 
1.0 cc subcutaneously into the thigh of a guinea pig. A control pig re- 
ceives the same injection plus an intraperitoneal inoculation of tetanus 
antitoxin. If Cl. tetani is present, the unprotected animal will develop 
tetanus and die in 1 to 4 days. 

(e) Demonstration of tetanus toxin. Inject, subcutaneously, 0.5 cc of 
filtrate of a 10-day broth culture into each of two mice or guinea pigs, one 
of which has been given a prophylactic dose of antitoxin (intraperito- 
neal), The development of symptoms of tetanus in the unprotected ani- 
mal proves the presence of toxin in the filtrate. 


358. Organisms Associated With Gas Gangrene 

a. The anaerobic organisms associated with gas gangrene may be 
divided, on the basis of pathogenicity, into three groups: 

(1) Pathogenic. The organisms pathogenic for man are Cl. perfrin- 
gens (welchii), Cl. septicum (Vibrion septique), Cl. novyi (oedema- 
tiens), and Cl. bifermentans (Cl. oedematoides or B. soredlli) ; that for 
animals is Cl. chauvoet. 

(2) Shghtly pathogenic. The less pathogenic species are Cl. histolyti- 
cum and Cl, fallax. 

(3) Nonpathogenic. The nonpathogenic species are Cl. sporogenes, 
Cl. aerofoetidum, Cl. lento-putrescens (putrificum), Cl. tertium, and 
others. 

b. On the basis of their biochemical reactions, they may be separated 
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into a saccharolytic group and a proteolytic group. There is not a strict 
demarcation of these properties, for most members have some properties 
of the other group—that is, some are both saccharolytic and proteolytic 
but are classified according to the property that is most prominent. Most 
of the pathogenic group are saccharolytic. The organisms of the proteo- 
- lytic group (except Cl. histolyticum) are not in themselves pathogenic 
but complicate wounds by their intense proteolytic action ; they are sapro- 
phytes, have no power of invading the tissues and, if present without 
members of the saccharolytic group, usually do not interfere with the 
healing of the wound. (See table XX XV.) 


359. Clostridium Perfringens (Cl. Welchii) 

a, These organisms are short, thick, nonmotile, gram-positive rods with 
rounded ends that are of moderate size and occur singly, in pairs, and 
seldom in chains; they form capsules in the animal body and at times in 
culture media. The spores are large, oval, and central or subterminal, 
the rods not being distinctly swollen; they are formed only in alkaline 
sugar-free media, never in animal tissues. The spores resist heating to 
80° C. for 1 hour. The bacilli grow best anaerobically, but some growth 
occurs micro-aerophilically. The blood agar colony is round, domed, and 
grayish-white, with a smooth glistening surface; it is surrounded by a 
zone of beta hemolysis. The organism ferments the common sugars with 
the production of a large amount of gas, and lactic and butyric acids, the 
latter giving the characteristic odor. The bacillus is usually pathogenic 
for man and small animals, the latter dying following intramuscular injec- 
tion, with extensive blood-stained fluid necrosis of the tissues, and marked 
gas formation; the muscles are friable and pale pink; the wound gives 
a foul acid odor, but there is no putrefaction. Cl. perfringens can be 
identified by the “stormy fermentation” of milk, its morphological and 
cultural features, the intravenous inoculation of rabbits (Welch-Nuttall 
test), and the guinea pig protection test. 

b. The free fermentation of sugars is a prominent characteristic both 
in its production of gas gangrene and in the laboratory identification of 
cultures. Cl. perfringens ferments the muscle sugars, producing gas in 
the tissues; this forced along fascial planes and vessels, giving the crepi- 
tation of gas gangrene. Fermentation in the test tube may be so marked 
that the plug is blown out; in milk cultures it is made evident by “stormy 
fermentation”—an acid clot torn by gas bubbles and separation of the 
milk into coagulum and whey. 

c. Gas gangrene due to Cl. perfringens is essentially a local infection, 
and the bacilli do not invade the blood stream until shortly before death. 
Spores are never formed in the animal body. 

d. The toxin produced in an exotoxin comparable to that of tetanus and 
diphtheria. An effective antitoxin (see above) is used in therapy. This 
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antitoxin is specific only for Cl. perfringens, not for other wound anae- 
robes; therefore, if gas gangrene associated with Cl. perfringens and Cl. 
novyt is treated by a monovalent antitoxin, the latter infection would not 
be influenced. Most commercial antitoxins, however, are polyvalent, thus 
affording protection against several forms of gas gangrene. 


360. Clostridium Novyi (Cl. Oedematiens) 

This is a large, gram-positive, sluggishly motile, spore-bearing, anaerobic 
bacillus, resembling the anthrax bacillus in appearance; the spores vary 
from central to subterminal, the rods being distinctly swollen at sporula- 
tion. The lesion in an experimentally infected guinea pig is character- 
ized by a whitish gelatinous exudate, little necrosis, and absence of gas. 
The bacillus is feebly hemolytic, much less so than Cl. perfringens. It 
forms a soluble toxin, which is used to prepare antitoxic sera. 


361. Clostridium Septicum (Vibrion Septique) 

a. This organism differs from the two preceding in that the rods are 
slenderer and more pleomorphic. Even in young cultures, clubbed, citron, 
or navicular rods and filaments are present. It is mobile, nonencapsulated, 
a strict anaerobe, and hemolytic. It invades the blood stream, producing 
a septicemia. The occurrence of long filamentous forms in the livers of 
guinea pigs dying of this infection is characteristic and is used in identi- 
fication of this organism. A powerful, soluble toxin is produced which 
provokes local necrosis and death in guinea pigs inoculated intramuscu- 
larly. The antitoxin is specific and does not protect against Cl. perfrin- 
gens of Cl. novyi. 

b. This bacillus is closely related and similar to Cl. chauvoei, the ba- 
cillus of symptomatic anthrax or “blackleg’ of cattle and sheep. The 
latter has never been isolated from wound cultures and has never been 
known to cause infection in man. 


362. Clostridium Bifermentans (Cl. Oedematoides or B. Sordelli) 
This species is a large, sluggishly motile, gram-positive bacillus; oval 
spores are formed centrally or subterminally, without swelling of the 
bacillus. In pathogenicity, it resembles closely Cl. novyi; different 
strains, however, show varying degrees of virulence, from marked to 
none; the more toxic and virulent strains are commonly referred to as 
B. sordelli. . 

a. ProtEoLytic Group. The organisms of this group never produce 
gas gangrene without the presence of one or more bacilli of the saccharo- 
lytic group. They digest milk without the formation of a clot, and liquefy 
and often blacken coagulated serum. These characteristics, plus the re- 
sultant offensive odor, point to their recognition. None of these organisms 
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produce a potent exotoxin, hence in infections caused by them there is 
no toxemia, in spite of the great liquefaction of tissue. 

b. Purifying cultures. Cultures from wounds may contain both sac- 
charolytic and proteolytic bacilli, which are difficult to separate by cul- 
ture methods. Such a mixed culture may be purified by animal inocula 
tion, since the pathogenic organisms of the saccharolytic group usually 
invade the blood stream and may be isolated from the heart’s blood. Cl. 
sporogenes, the most frequent and active one, causes confusion by mor- 
phologically resembling Cl. septicum. 


363. Cl. Sporogenes 


Cl. sporogenes, next to Cl. perfringens, the anaerobe most frequently 
found in wound cultures, is usually responsible for the foul odor of 
wounds, but its pathogenicity is negligible. It does not produce a soluble 
toxin and is not pathogenic for laboratory animals. 


364. Cl. Histolyticum 


Cl. Histolyticum differs distinctly from Cl. sporogenes in that it is more 
actively proteolytic, digesting living tissues. Intramuscular infection of 
a pure culture into a guinea pig rapidly results in complete destruction 
of the skin and muscle and may expose the bone, the striking and char- 
acteristic feature being that, in spite of the extensive local lesion, the ani- 
mal remains well. The exudate contains no gas, and there is no putrid 
odor. A soluble toxin has been reported, and an antitoxin has been pre- 
pared. 


365. Clostridium Botulinum and Clostridium Parabotulinum 

a. These are rather large, thick, gram-positive, sluggishly motile bacilli, 
with an oval spore between the center and the end of the cell that is 
broader than the cell. They are strictly anaerobic saprophytes. In blood 
agar or liver agar, the colonies attain a fair size. The growth of Cl. 
parabotulinum is usually more profuse than that of Cl. botulinum, sur- 
face colonies of the former often having a tendency to spread. Cl. botu- 
linum probably corresponds to the strain originally isolated by Van 
Ermengem and is monovolytic (fails to digest coagulated egg or serum). 
Cl. parabotulinum is more frequently encountered in food poisoning of 
man and is ovolytic, digesting not only egg and serum but also meat and 
casein. Culturally, it resembles Cl. sporogenes. (See table XXXV for 
other characteristics.) There are many varieties of these organisms, dif- 
ferentiated chiefly by their production of specific toxins, most of which 
are neutralized only by their specific antitoxins. Such varieties are usu- 
ally designated as types A, B, C, etc. 

b. These anaerobes produce one of the most powerful toxins known. 
The toxin is formed not in the animal body but in improperly processed 
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food. Unlike most other toxins, it is effective when taken by mouth. 
Botulism is not an infection but a true toxemia. The organisms washed 
free of toxin are harmless. The organisms are commonly present in soil. 
The toxin is destroyed by heating at 80° C. for 15 minutes. 

c. The isolation from suspected food of a strictly anaerobic spore-form- 
ing bacillus that corresponds to the description given above and cultures 
of which are highly toxic when fed to mice or guinea pigs is presumptive 
evidence of Cl. botulinum or Cl. parabotulinum. The type of toxin can 
be determined only by the use of animals protected with various types of 
antitoxin. These antitoxins are not generally available. The symptoms 
of botulism in man are so characteristic that detailed bacteriological diag- 
nosis seldom requested. 


366. Corynebacterium Diphtheriae (Diphtheria Bacillus) 

a. CHarRAcTeRisTics. These bacilli are slender rods, straight or 
slightly curved, of medium size; they often lie at various angles to one 
another, forming V or Y shapes. The organisms are generally not uni- 
form in thickness, exhibiting rounded, pointed, or swollen ends or en- 
largements along the length of the cell. They usually stain unevenly, 
showing barred and granular large forms and solid-staining short forms; 
they are gram-positive, nonacid-fast and nonmotile. Growth readily oc- 
curs at 37° C., preferably on Loeffler’s serum, as small, circular, smooth, 
moist, grayish to creamy-white colonies. Some strains produce narrow 
zones of hemolysis on blood agar. The diphtheria bacillus is pathogenic 
for man and guinea pigs. 

b. Host Retation. Diphtheria bacilli set up a local infection, usually 
in the throat. The lesion, however, may also appear anywhere in the 
upper respiratory tract, or in the esophagus, perineum, or anus, or occa- 
sionally as a wound or skin infection. The disease is a result of absorp- 
tion of an exotoxin produced by the organism in the local lesion. Bacte- 
rial invasion of the blood stream ordinarily does not occur. Susceptibility 
to diphtheria may be determined by the injection of a small amount of the 
toxin intradermally (Schick test). 

c. DIAGNosTIC CRITERIA. (1) General. These bacilli are character- 
ized by their shape, size, irregular staining, and V or Y arrangements as 
seen in a spread from the lesion or in one from Loeffler’s medium, stained 
by Loeffler’s methylene blue or the Albert strain. Growth is more pro- 
fuse on Loeffler’s medium than that of most other organisms. The colo- 
nies on tellurite medium are black. The organism is pathogenic for 
guinea pigs (see. below), and the carbohydrate-fermentation tests are 
characteristic. (See table XXXVI.) 

(2) Collection and transmission of specimens. A cotton swab is ap- 
plied to the involved area (throat, nose, or wound) or to the membrane 
or exudate from that area, with care to gather a considerable amount of 
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Table XXXVI. Differentiation of corynebacterium 


Fermentation tests Virulence for 
F . guinea pigs or 
Species chicks 
Dextrose Sucrose 
Ce dephihertae: 2s 3 3 + se + 
C. pseudodiphthericum __-_-- _ —_ ad 
Cat nease ss 92 31a er te bt bs + + _ 


the exudate on the swab and with caution not to contaminate the swab by 
touching it to the tongue or other noninvolved areas. Use this swab for 
immediate inoculation of a slant of Loeffler’s serum for 18 to 24 hours’ 
incubation at 37° C., or for shipment to a distant laboratory ; immediate 
inoculation of a blood agar plate for incubation at 37° C. for 24 hours; 
a culture on tellurite agar; and a spread on a slide for a direct examina- 
tion after staining. 

(3) Microscopic examination (direct spread). An immediate pre- 
sumptive diagnosis can sometimes be made on the basis of morphology 
and staining features of what few diphtheria bacilli may be observed in 
the direct smear, stained by the Loeffler’s or Albert method, but the diph- 
theria bacilli will be confusedly mixed with the many other micro-organ- 
isms constituting the mouth or wound flora. Vincent’s organisms and 
diphtheroids may give confusion and should be noted on the report if 
found. A negative finding by the direct method cannot be given value. 
A presumptive positive finding should be confirmed by cultural and viru- 
lence tests. 

(4) Culture. (a) A Loeffler’s serum slant, after 18 to 24 hours’ incu- 
bation at 37° C., is examined by making a smear from a broad needle 
drag along its surface; it is also subcultured to blood agar and tellurite 
agar for pure colony isolation. The slide spread is stained by the Albert 


method and observed for diphtheria bacilli. If typical diphtheria bacilli 


are found and the culture is from a suspected case, a presumptive diag- 
nosis should be made at once. If the culture is from a suspected carrier, 
diphtheria-like bacilli should be further identified by fermentation and 
virulence tests before reporting. 

(b)' A blood agar plate provides information on the general bacterial 
flora, particularly streptococci, and gives opportunity for notation of col- 
ony form and for single colony isolation of diphtheria-like bacilli. 

(c) Tellurite agar differentiates the diphtheria bacilli by their ability 
to produce gray to black colonies. 

(d) An optional, rapid method is to apply a sterile serum-swab to the 
throat of the patient, return it to the tube, and incubate for a few hours. 
Transfers are made to other media, and the culture is examined micro- 
scopically by gently rolling the swab on a slide to form a thin film. 
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(Serum swabs are prepared by placing sterile swabs into sterile tubes con- 
taining a few cubic centimeters of serum. Some such swabs are made to 
contain 2 percent potassium tellurite to attain blackening from growth of 
diphtheria bacilli.) 


367. Fermentation Reactions 

C. diphtheriae can be differentiated from related organisms by its fer- 
mentation reactions in dextrose and sucrose. (See table XXXVI.) The 
absence of ability of a particular organism to ferment glucose or its abil- 
ity to ferment sucrose is usually sufficient to exclude the organism as 
being a diphtheria bacillus. 

a. VIRULENCE Test. This is the only certain method by which the 
identity of C. diphtheriae can be confirmed and the virulent strains can 
be distinguished from nonvirulent variants. No other known species of 
this genus, occuring in man, produces a fatal toxemia in guinea pigs or 
chicks. Pure cultures are preferred for this test, but for a rapid test, 
a suspension from a heavily positive Loeffler’s slant may be substituted. 

Virulence tests are commonly used only in connection with carrier 
studies. In such studies, an appreciable number of the suspected organ- 
isms are found to be avirulent. 

(1) Subcutaneous methods. Inject, subcutaneously, into two 250-gm 
guinea pigs, 2 cc of a 48-hour broth culture or 1 ce of a suspension of 
growth from a Loeffler’s slant, suspended in 2.5 cc of physiological salt 
solution. One of the guinea pigs should have received, 24 hours previ- 
ously, an intraperitoneal injection of 250 to 500 units of diphtheria anti- 
toxin, and serves as the control animal. If the organism is a virulent 
strain of diphtheria bacillus, the unprotected animal dies within 4 days. 
Post-mortem examination will show gelatinous edema around the site of 
inoculation and may also show enlarged hemorrhagic adrenal glands. The 
control animal should survive. Healthy young chicks (5 to 20 days old) 
may also be used for the test. About 1 cc of a 48-hour broth culture is 
injected into the subcutaneous areolar tissue over the insertion of the 
wing. The control chick should have received 250 to 500 units of anti- 
toxin injected into the same area about 1 hour before the culture. If 
the culture is virulent the unprotected chick dies in 1 to 3 days. 

(2) Intracutaneous methods. (a) Two 250-gm guinea pigs are used, 
one of which is to have received, intraperitoneally, 250 units of diphtheria 
antitoxin 24 hours previously. About 0.15 cc of a 48-hour broth culture 
or of the growth from a 48-hour Loeffler’s slant, suspended in 2.0 cc 
of physiological salt solution, is injected intracutaneously at correspond- 
ing sites into the shaved abdominal skin of both pigs. On two such ani- 
mals, six to eight cultures may be tested at the same time. Virulent 
strains of diphtheria bacilli produce definite, local, inflamed, and indu- 
rated areas, showing superficial necrosis in 2 to 3 days; whereas in the 
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protected pig no lesions develop other than possible small foreign-body 
reactions. 

(b) If a culture containing virulent streptococci or staphylococci is 
used, local lesions will appear in both animals; such a test is inconclusive 
and must be repeated using a pure culture. 

(c) A single rabbit also may be used. Select one with unpigmented 
skin on the back. Shave off the hair over a wide area extending to either 
side of the spine (most easily accomplished with an electric razor after 
clipping closely with scissors). Inject, intracutaneously about 0.1-cc 
amounts of the 48-hour broth cultures (or suspensions of growth from 
Loeffler’s slants) to be tested along one side of the back. Four to five 
hours later, give the rabbit an intravenous injection of about 600 units 
of antitoxin and, within a few minutes, make a parallel series of injec- 
tions of the cultures into the skin of the other side of the back (control 
side). If the cultures are virulent, areas of erythema and edema develop 
within 24 hours about the first sites of injection (test side) and become 
necrotic in 48 hours; no lesions, other than small nodules, appear on the 
control side. The animal survives and may be used for other purposes. 

b. DIFFERENTIATION OF SIMILAR Types. (1) C. pseudodiphthericum 
(Hoffman’s bacillus) is shorter and thicker than C. diphtheriae; it is 
usually straight and clubbed at one end, rarely at both. When Loeffler- 
stained, it occasionally shows unstained transverse bands that, unlike 
those in C. diphtheriae, hardly ever exceed one or two. Sometimes the 
transverse band gives the bacillus a diplococcoid appearance. No polar 
bodies are demonstrable by special stains. The colonies are larger, less 
transparent, and whiter than are those of true diphtheria bacilli. A posi- 


- tive means of distinction is its inability to form acid on sugar media. It 


is not pathogenic to guinea pigs or to man. It is a common mouth com- 
mensal and may be found in a large proportion of normal throat cultures. 


Diphtheria-like bacilli that prove to be avirulent are generally found to be 


C. pseudodiphthericum. 

(2) C. xerose (xerosis bacillus) is a harmless erbplivie commonly 
found in the normal or inflamed conjunctiva of the eye. It closely re- 
sembles C. diphtheriae, and is indistinguishable morphologically and cul- 
turally, although it is generally shorter. Polar bodies are occasionally 
seen. It differs from C. diphtheriae in its fermentation reactions on 
sugar media and its nonpathogenicity to guinea pigs. 

(3) The diphtheroid bacilli comprise a large group of ill-defined or- 
ganisms given this general name because of their morphological resem- 
blance to the diphtheria bacillus. They often show metachromatic gran- 
ules, and are never virulent when tested in guinea pigs. They are common 
saprophytes of the throat, skin, and other body areas and are so ubiqui- 
tous that any association of them with specific diseases must be avoided. 
They must be distinguished from virulent diphtheria bacilli. 
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368. Mycobacterium Tuberculosis (Tubercle Bacillus) 

a. CHARACTERISTICS. Tubercle bacilli are small, slender, straight, or 
slightly curved rods with rounded ends, occurring singly or in clumps. 
They are stained with difficulty, but when once stained they resist decolor- 
ization with acid-alcohol (acid-fast). They are gram-positive and non- 
motile. The organisms may stain unevenly, showing granular, beaded, or 
banded forms. Growth is aerobic, occurring slowly and producing 
wrinkled colonies suggestive of cake crumbs on both solid and liquid 
media. Special media are used, which incorporate glycerin, coagulated 
egg, or other enrichment material. Growth under the most favorable 
conditions develops only after a minimum of 10 days’ to 2 weeks’ incu- 
bation at 37° C. and may require 4 to 6 weeks. Colonies are rough, 
irregular, wrinkled, and dry. A yellow pigment is produced that varies 
in intensity with the age of the culture, becoming brownish in old cul- 
tures. 

b. Host Retation. There are four types of tubercle bacilli—human, 
bovine, avian, and strains that infect cold-blooded animals. Of these 
types only the human and bovine strains are of medical importance. The 
incidence of bovine tuberculosis in this country has fallen to a low level, 
but where unpasteurized milk from infected cows is widely used there 
is a high incidence of lymph node and intestinal infections among chil- 
dren. The human and bovine types may be differentiated by morpholog- 
ical and cultural characteristics and by their specific pathogenicity for 
guinea pigs and rabbits. The human strain is a long, slender rod as com- 
pared with the shorter, thicker organism encountered in tuberculous cat- 
tle. The bovine type is cultivated with greater difficulty than is the 
human strain, and is more pathogenic for rabbits. Almost any tissue in 
the body is susceptible to invasion by the tubercle bacillus, but it is most 
commonly encountered in the lungs; it is also found in lymph nodes, the 
gastrointestinal and genitourinary tracts, nerve tissue (meningitis), cold 
abscesses, etc. The usual sources for diagnosis are sputum, gastric wash- 
ings, urine, pus, cerebrospinal fluid, and sometimes feces. Many sapro- 
phytic species of acid-fast bacilli, existing in nature and commonly found 
in soil and dairy products, have been described. M. smegmatis, occa- 
sionally found in voided urine, may be mistaken for the tubercle bacillus. 

c. SpeciIAL MetuHops. (1) Microscopic examination. A presumptive 
diagnosis can be made by applying an acid-fast stain, such as Ziehl- 
Neelsen carbol-fuchsin, to a slide spread of selected (caseous) fragments 
of the sputum. The red, acid-fast bacilli are readily noted in contrast 
to the blue counterstaining of all other bacteria, cells, and debris. Bright 
illumination is required. Stained spreads may also be from the centrifuged 
sediment of urine or spinal fluid. A small film of gelatin or sterile egg 
albumin on the slide will help prevent the sediment being washed off dur- 
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‘ing the staining process. The demonstration of the organism miscroscop- 
ically is presumptive evidence of infection, and in many cases is sufficient. 

(2) Concentration method. If a sputum contains too few tubercle 
bacilli to be found by the above method, they may be concentrated by 
digesting the mucus with sodium hydroxide, sulfuric acid, or antiformin 
and examining the centrifuged sediment by direct spread, culture, or 
guinea pig inoculation. 

(3) Flocculation method. (a) Reagents. The digesting solution is 
prepared as follows: 


BT TE etn Re I genoa a gn a a 40 gm 

PUMNIENE? UIE Ca RU te cee wis ee ea Ce eB ecec Duve eo e's 2 gm 

io Up "Daca hcn tank i byes eee ese ne Eo Ce a 0.02 gm 

TONY Ne Mare et areal aalia EL oe cng a bua pra iiv.ate Sk whi WG ble brs 1,000 cc 
The acid (about 2.5N) solution is prepared as follows: 

PemeOtie. Mere  CCONCETIT ALE ) iso a's she Sinise'a:s widinc soi solv asin vie oib.0'8 250 cc 

PUR es ee tea ee ae a ahha ad ox SS Be (apa Senger 1,000 cc 


_ (b) Test. Mix 3 to 5 cc sputum with 1 to 4 parts of the digesting 
solution, and shake well. Incubate at 37° C. for 30 minutes for culture 
or animal inoculation, or to a homogeneous mass for microscopic exam- 
ination. Adjust to pH 7.0 (bluish green) with the acid solution. Cen- 
trifuge at top speed for 15 minutes, and discard the supernatant fluids. 
Make smears, inoculate isolation media, and inoculate animals with a 
saline suspension of the sediment. 


(c) Result. The sodium hydroxide digests the organic matter. Floc- 
culation occurs when acid is added. This precipitate carries into the sedi- 
ment the organims, including tubercle bacilli, which are not killed or 
dissolved by the alkali. . 


(4) Animal inoculation. Centrifuge digested sputum, urine, or spinal 
fluid, suspend the sediment in sterile physiological saline solution, and 
inject this subcutaneously and intramuscularly into the thigh of a young 
guinea pig (250 gm). Autopsy of positive animals dying several weeks 
later, or if they live, of those killed at 6 weeks, reveals generalized tuber- 
culosis, apparent particularly by caseation of the lymph nodes, miliary 
tubercles in the liver, and an enlarged spleen containing tubercles. This 
may be confirmed by finding acid-fast bacilli by direct spread or by special 
culture of these tissues. 

(5) Culture. This is a valuable method for demonstrating the pres- 
ence of tubercle bacilli in specimens containing only a few organisms, and 
is frequently used in parallel with animal inoculations. Several loopfuls 
of the sediment in a sodium hydroxide concentrate, or a tissue fragment 
of guinea pig tissue, is planted on the surface of tubes of Petroff’s, 
Petragnani’s, or other suitable medium. Incubate the cultures for 2 days, 
then seal by dipping the cotton plugs in melted paraffin. Incubate at 
37° C. for 6 weeks and examine for colonies of M. tuberculosis. 
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369. Mycobacterium Leprae (Leprosy Bacillus) 

a. CHARACTERISTICS. These are small, slender rods resembling tubercle 
bacilli, straight, rarely bent or curved, with rounded ends; they are acid- 
fast and tend to be arranged in packets or bundles, particularly in mono- 
nuclear phagoctyic cells. They cannot be cultivated, and are not patho- 
genic for guinea pigs. 

b. Host Reration. They are found in the various lesions of leprosy, 
except the anaesthetic areas of nerve leprosy. They are especially easy 
to demonstrate in nasal and skin lesidns. 

c. DiacNnostic Criterta. Leprosy bacilli are acid-fast and occur in 
packets, chiefly within mononuclear phagocytic cells; they are not recov- 
erable in culture or by guinea-pig inoculation. 

d. SpectaL Metuops. (1) Collection of specimen. As the initial 
lesion of leprosy is often an ulcer at the junction of the bony and car- 
tilaginous portions of the nasal septum, swabs or scrapings from this or 
other nasal lesions are spread onto glass slides. In skin lesions, with a 
sterile safety razor blade, quickly make a small incision through the thick- 
ened area and, without removing the blade, depress the upper edge so that 
a scraping is made of the cut skin from below upward. Prepare slides 
from this scraped material. A deep, not a surface skin scraping, is de- 
sired for this spread. 

(2) Microscopic examination. Spreads made as above are fixed, 
stained by the Ziehl-Neelsen method, and observed for acid-fast bacilli. 
Leprosy bacilli are more easily decolorized than are tubercle bacilli, there- 
fore, decolorization must not be carried too far. 


370. Actinomyces (Streptothrix, Nocardia) 

a. CHARACTERISTICS. The actinomycetes have characteristics that re- 
late them to both the bacteria and the fungi, and are therefore included 
in bacteriological and mycological classifications. They grow in the 
form of a delicate branched mycelium that is gram-positive: On aging 
the terminal hyphae break up into bacillary “arthrospores,” which func- 
tion as conidia. In old cultures, and sometimes in pus, these arthrospores 
resemble diphtheroid bacilli and may be mistaken for such. In a stained 
section of tissue, the Actinomyces colony appears as a central mass of 
tangled gram-positive filaments, the peripheral hyphae extending radi- 
ally into the surrounding tissue; hence the name “ray fungus.” Espe- 
cially in the anaerobic species, the ends of the peripheral hyphae are en- 
cased in club-shaped sheaths that are gram-negative. When these colo- 
nies are found free in pus they are slightly yellow and are the so-called 
“sulfur granules.” 

b. Host Reration. The genus Actinomyces comprises 60 or more 
species, only a few of which are animal pathogens, the others being plant 
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parasites or saprophytes of soil origin. The species, pathogenic for ani- 
mals, are generally anaerobic, whereas the plant parasites and sapro- 
phytes*are aerobic. Anaerobic species are frequently harbored in ton- 
sillar crypts and between the teeth and gums. It has been suggested that 
these may be the sources of systemic infection; the Actinomyces are 


- implanted by mechanical injury, by aspiration into the lungs, or by inges- 


tion. The primary lesion may be oral, pulmonary, or intestinal (espe- 
cially in the appendix), but frequently is not determined. Metastases 
occur, producing nodular abscesses in various parts of the body. Aerobic 
species also have been found in human infections, described as menin- 
gitis, pseudotuberclosis, madura foot, etc., the latter often caused by other 
fungi. Some authorities maintain that the anaerobic actinomycetes of 
human origin, including A. hominis, are identical with A. bovis. Of 
the aerobic species, A. asteroides is acid-fast, and A. madurae, nonacid- 
fast. 

c. DraGNostic CriTertA. (1) Microscopic examination. If charac- 
teristic serous pus is available, look for sulfur granules, crush one of them 
gently under a cover slip on a slide and, with the microscope, look for the 
ray-fungus appearance. 

(2) Cultivation. It is difficult to cultivate and isolate the slow-growing 
actinomycetes from material containing bacteria. In pus aspirated from 
unopened abscesses, however, pure cultures of Actinomyces may be ob- 
tained. Suitable media are serum (or,blood) agar or broth, which are 
incubated anaerobically or aerobically as may be required. Brewer’s fluid 
thioglycollate medium, enriched with a few drops of serum, is also an 
excellent medium in which small colonies resembling the sulfur granules 
are formed. 


371. Spirochetes 


a. CHARACTERISTICS. Spirochetes are slender, undulating, corkscrew- 
like, flexible, filamentous organisms. They have short or long spirals 
with the twists in three dimensions. The number, depth, relative length, 
and sharpness of angle of the spirals are of diagnostic importance, al- 
though somewhat variable. They are motile by sinuous, rotating move- 
ment of the body, not by flagella as in the case of bacteria. They stain 
with difficulty by ordinary stains although some (genus Borrelia) stain 
readily. The polychrome methylene blue stains of Wright and Giemsa 
are generally used. The silver-impregnation method is applicable to the 
more resistant forms, Fontana stain for spreads, and Levaditi stain for 
tissues. They are most readily demonstrable in the fresh state by dark- 
field illumination. Cultivation is difficult, and generally not practicable. 
Animal inoculation is of value in the diagnosis of a few spirochetal infec- 
tions. 

b. Hazitat. Spirochetes are ubiquitous, occurring in nature in soil, 
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water, and decaying organic materials, and on and in the bodies of man, 
animals, and plants. Some are saprophytes, others are commensals. A 
few are pathogenic, causing such severe diseases as syphilis, yaws, re- 
lapsing fever, and Weil’s disease. 


372. Borrelia Recurrentis (Relapsing Fever Spirochete) 
a. CHARACTERISTICS. These are spirochetes having large, wavy, incon- 


stant spirals, usually about five. When seen under dark-field illumination, . 
the organisms are very active, in length are several times the diameter 
of an erythrocyte, and rapidly progress in either direction, disturbing the 
red cells by their motion. The Borrelia stain readily and uniformly by 
polychrome stains (Wright or Giemsa) and by simple stains. When 
inoculated into mice and rats, they cause periodic spirochetemia without 
demonstrable clinical symptoms. Cultivation is not practical. 

b. Hapirat. The cause of relapsing fever, the spirochetes, are found 
in blood and tissues of patients suffering from relapsing fever and in the 
body and intestinal contents of infected vectors (ticks and lice). B. re- 
currentis applies to the spirochete of European relapsing fever. A num- 
ber of other species exist. Names have been given for the spirochetes of 
the United States and Mexico (B. turicata), Central and South America 
(B. venezuelensis), and others, differentiation of which is based only on 
specific immunological reactions. Some lower animals may serve as res- 
ervoirs of infection—in the United. States, the armadillo and the opossum. 

c. IDENTIFICATION. (1) Fresh or citrated blood, taken during a fe- 
brile paroxysm, and diluted with saline is examined by the dark-field 
method for spirochetes with the characteristic motility and morphology. 
A slide spread, stained by the Giemsa method or with diluute carbol- 
fuchsin, should also be examined. The organisms, however, may be much 
distorted, the spirals often obliterated, so that the characteristic morphol- 
ogy cannot be found. The spirochetes may sometimes be detected and 
the diagnosis suggested in a routine Wright’s stain for a differential blood 
count. 

(2) A white mouse or rat should be injected intraperitoneally with 0.2 
to 0.5 ce of blood, and fresh tail blood examined for spirochetes from the 
second to fourteenth day. 


373. Fusospirochetal Disease (Vincent's Angina) 

Vincent’s angina is an inflammatory lesion in the mouth, pharynx, or 
throat, most often affecting the gum margins and tonsils. An acute in- 
flammation may lead to the formation of a pseudo-membrane, suggest- 
ing that of diphtheria. Later there are punched-out ulcers, suggestive of 
syphilis. The disease is localized, generally mild with minimal systemic 
disturbances. Although the primary etiology of this disease is not known, 
two micro-organisms are almost always found together, in great num- 
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bers, in films from the lesions, the two forms apparently living in sym- 
biosis. They are rarely present alone, being usually accompanied by other 
micro-organisms, such as staphylococci, streptococci, and even diphtheria 
bacilli, the last finding being more significant than the Vincent organisms. 


Figure 28. Vincent’s angina. (Note presence of Borrelia vincentii, fusiform bacilli, 
and epithelial cells.) 


374. Fusobacterium Plauti-vincenti (Fusiform Bacillus of Vincent) 
This is a large bacillus, thick in the middle and tapering toward the ends 
to blunt or sharp points. It is readily stained by Loeffler’s methylene 
blue, carbol-fuchsin, or the Giemsa stain, with characteristic unequality 
in the intensity of the stain, being more deeply stained near the end, often 
with alternating bands of stained and unstained areas in the central body, 
not unlike the bands of diphtheria bacilli. 


375. Borrelia Vincentii 

This is a spirochete somewhat like that of relapsing fever, and is longer 
than the fusiform bacillus; it is made up of variable numbers of undula- 
tions, shallow and irregular in their curvatures, unlike the more regularly 
steep waves of Treponema pallidum. They stain more evenly and less 
distinctly than the fusiform bacilli. To identify make slide spreads 
from the ulcerative lesions, fix in the flame, stain deeply with dilute car- 
bol-fuchsin, crystal violet, or Wright’s stain, and examine for fusiform 
bacilli and spirochetes. Positive results will be evidenced by finding great 
numbers of both fusiform bacilli and spirochetes. A few forms of either 
type are not significant. 


376. Treponema Pallidum (Spirochete of Syphilis) 

a, CHARACTERISTICS. This is a delicate spirochete coiled in 8 to 14 
regular, rigid, sharp spirals that are equal or greater in depth than in 
length, with acute rather than obtuse angles. As seen under dark-field 
illumination, it appears as a highly refractile, long, slender, spiral, silvery 
form with serpentine, corkscrew-like movement. It is motile, but does not 
progress rapidly or far, the motion being rotational with undulations. The 
spirochetes are made visible most effectively by dark-field illumination. 
They are difficult to stain with aniline dyes other than the Giemsa stain ; 
the body stains pink by the Giemsa method and black by the silver 
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impregnation method (Fontana stain in spreads, Levaditi stain in tissues). 

b. Host Retation. Naturally occurring only in human beings, it 
causes the disease syphilis, with protean manifestations. It is transmitted 
only by direct contact, generally through sexual intercourse, occasionally 
through intimate contact of other mucous membrane or skin sites. 
Syphilis, one of the most prevalent and important of all infectious dis- 
eases, usually progresses through a number of irregular and varied stages. 
During the incubation period, which lasts 4 to 6 weeks, the spirochetes 
cannot be demonstrated. In the primary stage, a chancre appears at the 
site of infection; this starts as a papule, enlarges, becomes hardened, and 
then ulcerates, forming an ulcer with a firm base and hard edge in the 
typical form. Atypical perile lesions frequently occur, especially if sec- 
ondarily infected or coexistent with chancroid. Spirochetes can be found 
in the fluid expressed from a chancre. The spirochetes will not neces- 
sarily be on the surface, but rather in the deep tissues and in the serum 
exuding from a scarified lesion. At this stage they already have become 
disseminated as a general infection, can be demonstrated in fluid aspirated 
from regional lymph nodes, but cannot be readily found in the blood or 


other areas. In the secondary stage, which is characterized by mucous 


patches, skin rashes, and a variety of superficial lesions, T. pallidum can 
usually be found in material from moist secondary lesions. The tertiary 
stage is characterized by deep, rather than superficial, lesions which in- 
volve the viscera, bones, and central nervous and cardiovascular systems. 
Spirochetes are usually scanty, and not readily demonstrated in these 
lesions. 

c. SpeciAL Metuops. Different procedures are applicable to different 
lesions and stages. 

(1) Dark field examination. (a) The lesion is cleansed of surface 
crust, detritus, pus, and surface organisms with gauze or a cotton appli- 
cator. If the lesion has been treated with a germicidal agent, examina- 
tion is deferred until all germicide has been removed and the lesion has 
had a saline pack applied to it for a day or two. 

(b) Primary lesions are then mildly traumatized to on an exuda- 
tion of serum, by gently rolling the lesions between the gloved finger and 
thumb or by rubbing its surface with a dry cotton applicator. Hemor- 
rhage should be avoided, although a few erythrocytes or pus cells are 
desirable to aid in obtaining a proper focus. Secondary lesions are merely 
cleansed and abraded. 

_(c) Fresh preparations for microscopic examination may be made from 
accessible lesions by merely touching the slide to tissue juice and immedi- 
ately placing the cover glass over this drop. Vaseline placed around the 
edge will prevent drying. If the lesion is less accessible, the fluid may be 
collected in a capillary pipette and placed on the slide. 


(d) Examine immediately with the dark-field microscope for the char- 
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acteristic morphology and motility of TR. pallidum. Exercise caution 
not to misinterpret observations. There are many saprophytic spiro- 
chetes that are easily distinguished. There are, however, a few spiro- 
chetes, especially in the mouth, that are extremely difficult to differentiate. 
Indeed, a diagnosis of syphilis based solely on the dark-field examination 
of material from the oral cavity is believed to be untenable by most clini- 
cians. “Artifact spirochetes” are sometimes mistaken for spirochetes by 
those unfamiliar with the appearance of blood, pus, and cultures under 
dark-field illumination, and wavy filamentous structures may actually 
simulate spirochetes. 

(e) Report findings with qualifying-data, such as notation of location 
of lesion examined, the occurrence of conditions making examination un- 
representative, etc. 


(2) Delayed dark-field method. When facilities for dark-field exam- 
ination are not locally available, or when local examiners desire confirma- 
tion of their own findings by a consultant, lesion fluids may be forwarded 
to a distant laboratory for examination. A tissue fluid from a suspected 
lesion is allowed to flow into a capillary tube about 8 cm long and 1 mm 
in diameter. The two ends of this tube are sealed by pressing into a soft 
paraffin-vaseline mixture (50 percent of each) and then forwarded for 
dark-field examination. At the examining laboratory the serum may be 
transferred to slide by pressing one end of the capillary tube into a par- 
affin-vaseline mixture until the plug in the opposite end is forced out. 
Such material must be examined within a few days. 

(3) Nigrosine method. This is not strictly a staining method for it 
leaves the unstained spirochete in a black field. A loopful of the fresh 
tissue fluid is mixed with a loopful of 5 percent aqueous solution of 
nigrosine, containing 0.5 percent formalin as a preservative. (See par. 
244.) This mixture is spread on a glass slide, dried, and examined by 
ordinary illumination with an oil-immersion objective. A remote exam- 
ination may be made by forwarding an air-dried drop of the exudate on 
a slide. The laboratory adds a loopful of water to this to dissolve the 
exudate and proceeds with the nigrosine preparation. Results are far 
inferior to the dark-field method, for motility is absent and the spiro- 
chetes, by distortion, have lost much of their characteristic morphology. 


(4) India-ink method. Like the nigrosine method, a drop of material 
is mixed with a drop of drawing ink and the mixture spread on a slide. 
(See par. 240.) When dry, it is examined for white spirals against a 
dark background. 

(5) Stained-spread examination. Spreads may be stained by the 
Giemsa method. (See par. 446.) 

(6) Local Wasserman test. Serum is collected from the local lesion 


and used for a complement-fixation test. 
688862°—46—26 
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(7) Serological tests on blood serum and spinal fluid. These are ap-— 
plicable to the later stages of syphilis. It is customary to subject all 
patients with venereal disease, even after repeated, negative dark-field 
examinations, to follow-up blood tests for several months. 


377. Leptospira Icterohaemorrhagiae (Organism of Weil's 


Disease, Infectious Jaundice) 
a, CHARACTERISTICS. The spirochetes show many coils, so fine as to 


be difficult to detect. One or both ends may be bent into a hook. Rapid, 
spinning motion with intermittent active lashings is characteristic. They 
are difficult to stain, being stained reddish by the Giemsa method, culti- 
vation is possible only by special methods. Diagnosis can be made by 
the injection of blood or urine into a guinea pig. 

b. Host Revation. The blood and kidneys of infected wild rats and 
the blood, urine, kidneys, and biliary tract of patients with infectious 
jaundice (Weil’s disease) harbor the organisms. 

c. IDENTIFICATION. (1) Guinea-pig inoculations. Inject 3 to 5 cc of 
fresh blood, fresh urine sediment, or tissue suspension, intraperitoneally 
into a white guinea pig. Observe it daily for fever, for jaundice of the 
ears, eyes, and about the genitalia, and for Leptospira in the blood (usu- 
ally found after the fourth day). After the animal dies, large numbers 
of spirochetes can be demonstrated in emulsions of the liver, kidneys, and 
adrenal glands. : 

(2) Dark-field examination. Tissue emulsions and occasionally urinary 
or biliary sediment, may be examined under the dark-field microscope for 
motile Leptospira. 

(3) Stained spreads and cultures. These have limited application. 

d. AGGLUTINATION Reaction. Make slide agglutination tests using 
the patient’s serum in dilutions of 1/10, 1/100, and 1/1000 with L. ictero- 
haemorrhagiae and L. canicola antigens. The reactions should be con- 
trolled with known positive serums. This test is not ordinarily done in 
hospital laboratories. 


Section Il. MYCOLOGY 


378. General 
The plant kingdom is divided into four large groups: Spermatophyta 


(seed plants), Pteridophyta (fern plants), Bryophyta (moss plants), and 
Thallophyta (simple vegetative structures not differentiated into roots, 
stems, or leaves). 

a. There are two subgroups of Thallophyta, the algae, containing chlo- 
rophyll, and the fungi, simple plant organisms containing no chlorophyll, 
and existing as saprophytes or parasites on organic material. Single-cell 
types of fungi, such as the common budding yeasts (for example, Sac- 
charomyces cerevisiae), grow much as do bacteria except for their method 
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of multiplication (by budding, not by fission). Each individual cell com- 
bines the func.ions of nutrition and reproduction. Other types of fungi, 
the molds, are made up of many cells, usually cylindrical or tubular and 
forming hyphae. The branched hyphae together make up a mycelium. 
Specialized branches of the hyphae bear spores, which vary greatly in size 
and shape. The spores and the structures that bear them are character- 
istic for each species of fungus. 


b. Fungi are widespread in nature. The laboratory worker must con- 
stantly remember that saprophytic species of fungi frequently contaminate 
lesions and cultures. Some fungi, such as those that give flavor to cheese 
and cause bread to rise, are of commercial importance. Relatively few 
species are capable of producing disease in man. 


379. Medical Mycology 


a. Mycology is the study of that branch of botany dealing with fungi. 
Medical mycology may therefore be defined as a study of the fungi that 
are associated with disease in man. Methods for the isolation and identi- 
fication of pathogenic fungi are not so well defined as those used in 
bacteriology. 

Caution: Manipulation of cultures of Coccidioides immitis entails 
definite danger of infection of the worker and perhaps his laboratory as- 
sociates. 


b. Except in a few instances, the methods used to determine bacterfal 
species are of little value to the mycologist. The chief procedures by 
which a fungus species may be classified, and its relation to disease de- 
termined, are as follows: 

(1) Direct examination of clinical material ; 

(2) Rate and type of growth on suitable media; 

(3) Characteristic spores and mycelial structures in microscopic ex- 
amination of colony ; 

(4) Animal inoculation ; 

(5) Fermentation reactions (yeasts) ; 

(6) The history of the infection. 

c. Other diagnostic aids that may not always be available or practicable 
are: filtered ultraviolet radiation, cutaneous tests, and, in certain of the 
rare mycoses, agglutination tests, and precipitation and complement-fix- 
ation tests. 


380. Classification of Pathogenic Fungi 
From a clinical and practical standpoint the pathogenic species of fungi 
are divided into two major classifications according to the types of dis- 
ease that they produce. 

a. Systemic Mycoses. The fungi causing systemic mycoses produce 


397 


‘primary infection in the skin or lungs, but they penetrate the deeper tis- 
sues, metastasize (spread by way of the blood and lymph), and are life- 
endangering. Sources of material for laboratory examination are pus, 
sputum, scrapings from cutaneous lesions, spinal fluid (Cryptococcus), 
feces (Candida), and vaginal discharges (Candida). These fungi may 
be divided into three types: 


(1) Bacterialike (par. 370): 


Actinomyces bovis 
Nocardia (Actinomyces) 


asteroides Actinomycosis 
(2) Yeastlike: 
Cryptococcus neoformans 
(Torula histolytica) Cryptococcosis 
Candida (Monila) albicans Moniliasis 
(3) Moldlike: 
Blastomyces dermatitidis North American blastomycosis 
Blastomyces (Paracoccidiodes) 
braziliensis South American blastomycosis 
Histoplasma capsulatum Histoplasmosis 
Coccidioides immitis Coccidioidomycosis 
’ Sporotrichum schencki Sporotrichosis 
Hormodendrum pedrosoi Chromoblastomycosis 
Hormodendrum compactum Chromoblastomycosis 
Phialophora verrucosa ~ Chromoblastomycosis 
Species of Madurella, Mycetoma and Maduromycosis 
Monosporium, Indiella, etc. Madura foot 


b. SupeRFictAL Mycoses. The fungi causing superficial mycoses are 
localized in the skin, hair, and nails (sources of material for laboratory 
examination). They do not penetrate the deeper tissues, do not metasta- 
size, and are not life-endangering. They may be divided into three groups: 


(1) Microsporum attacks skin and hair of the scalp and face; infre- 
quently other areas of the body are involved ; does not attack nail tissue. 


(2) Trichophyton attacks skin, nails and hair; not confined to any one 
body area. 


(3) Epidermophyton attacks nails and skin. Although not confined 
to the lower extremities it has a particular affinity for the inner aspect 
of the thighs; hair not involved. 


. Methods 


a. COLLECTION OF SPECIMENS. To secure material for examination and 
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culture the following instruments should be kept at hand in a sterile con- 
dition : 

Dull scalpel. 

Sharp, pointed scissors. 

Small syringe with 19- or 20-gauge needle. 

Forceps (preferably small). 

Single-edged razor blade. 

Bacteriologic loop (heavy wire). 

Two stiff, sharp or pointed wires (for tenacious materials and 

cultures). 

Sterile Petri dishes. 

(1) Select active, infected areas; dried and apparently inactive lesions, 
however, may be best for microscopic demonstration of dermatophytes. 

(2) Cleanse the affected part with 70 percent ethyl alcohol. 

(3) Remove materials aseptically. 

(4) Collect hairs, skin, or nail scrapings in sterile Petri dishes. 

(5) Aspirate pus from a deep part of the lesion (exposed pus contains 
numerous saprophytic species). 

(6) Collect sputum in sterile containers, having the patient first use a 
mouth-wash. If a systemic mycosis is suspected, a bronchoscopic speci- 
ment should be obtained to eliminate fungi present in the mouth as sapro- . 
phytes. . 

(7) Deep portions of nails are not likely to contain saprophytes. 
Scrape well below the surface. Use small flakes for direct examination 
and culture. 

b. Direct Examination. (1) Hair, skin, and nails. (a) Place a 
drop of 10 percent potassium hydroxide on one end of a clean glass slide. 

(b) Add a small flake of the tissue to be examined. 

(c) Cover with a cover glass. 


(d) Pass the slide through a low flame several times (the pilot light 
will suffice). 


(e) Examine the slide under the low-power and the high-power lens 
for the presence of filaments and spores. Fungi resist the digestive action 
of the hydroxide, whereas the tissue elements disappear. Some workers 
leave the preparation standing for several hours, but repeated gentle heat- 
ings facilitate the digestive. action to such an extent that examinations 
can be made almost immediately. Avoid mistaking artefacts for yeast- 
like organisms and hyphae. The inexperienced worker should familiarize 
himself with the microscopic appearance of uninfected tissue. 

(2) Sputum and pus. No alkali is usually needed for direct examina- 
tion. Examine a drop under the low-power and the high-power lens for 
hyphae, yeastlike cells (budding), spherules containing endospores, etc. 
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If no organisms are seen, prepare a second slide by adding to the drop 
of pus a drop of clearing fluid (aqueous solution containing 5 percent 
potassium hydroxide and 25 percent glycerin) and allow it to stand over- 
night. Examine the following day for the structures enumerated above. 
Artefacts resembling hyphae and budding cells frequently develop in pus 
and sputum mixed with hydroxide. 

(3) Spinal fluid. Centrifuge the specimen. Examine a wet prepara- 
tion of the sediment for budding cells. Make a second preparation by 
mixing a loopful of india ink with a loopful of the sediment on a glass 
slide; this should be done quickly so that a cover glass can be placed over 
the mixture before it dries. This method is excellent for capsule demon- 
stration. 

(4) Vaginal discharge. Wash the swab containing the material in 
warm physiological saline solution. Centrifuge. Make a wet preparation 
of the sediment and examine it for budding cells and rudimentary hyphae. 

c. CULTURE. (1) General. Inoculate at least two or three tubes of 
each medium used. Cultures should be observed for a minimum of 4 
weeks before a negative report is submitted. 

(2) Selection of media. One or more of the following media should 
be used. 

(a) Sabouraud’s (maltose or dextrose) agar. Use routinely. 

(b) Blood agar. Use if blastomycosis, histoplasmosis or moniliasis is 
suspected ; incubate at 37° C. 

(c) Corn-meal agar. Use if moniliasis is suspected; incubate at 37° 
C. and at room temperature. 

(d) Dextrose veal infusion agar. Use if actinomycosis is suspected ; 
incubate at 37° C. under anaerobic and aerobic conditions. 

(3) Inoculation of media. Use the sediment of centrifuged specimens 
of pus, sputum, etc. Do not culture materials digested by NaOH con- 
centration methods inasmuch as certain of the pathogenic fungi are known 
to be unable to survive them. Mair, skin, and nail scrapings may be 
inoculated directly to 3 or 4 Sabouraud’s slants, but a higher percentage 
of isolations will be obtained if the material is placed in a sterile Petri 
dish or between sterile, wrapped glass slides for 5 to 7 days. This tends 
to reduce the number of bacterial and fungous contaminants normally 
present on such materials. At the end of this period, several small frag- 
ments of the material are placed short distances apart (do not streak) 
on each of several Sabouraud’s slants. If prolonged incubation is antici- 
pated, the tubes should be capped with tinfoil or sealed with vaseline to 
prevent excessive drying of the medium. 


(4) Observation of cultures. (a) Macroscopic. Observe the colonies 
daily for rapidity of growth, pigmentation, and type of colony. Do not 
open the tubes until definite growth has been established. To avoid acci- 
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dental contamination subculture the growth to another slant of the me- 
dium before making mounts for microscopic examination. 


(b) Microscopic. Place a drop of mounting fluid (water, salt solution, 
or lactophenol—the last is preferable) on a clean glass slide. With a 
stiff, sharp wire remove a fragment of the culture supported intact in a 
fragment of the culture medium to the drop of mounting fluid. In some 
cases it is better to remove a bit of aerial mycelium only, moisten it mo- 
mentarily in 95 percent ethyl alcohol, and tease it apart in the mounting 
fluid with two stiff sharp needles. Cover with a vaseline-ringed cover 
glass, press gently, and examine under the microscope, The lactophenol 
is prepared as follows: 


PE GEN TIAISD 05. Gk da vc aten Are ware gO Sede cay Uwe SG evaw ences 20 gm 
PEG CIC OS EU hora) suc lao se erate -sdaioiaculesdraick disieiein «seieveistaisire- exe’ 20 cc 
eS eS ck a i i a SS ata ay o Sp lbjaid a 40 cc 
MRS ERE Arse URS As cantare lit alec Sahg'e Suara era W/G Gale 6 we Cay le eek oes 20 cc 
eC NIENG Cet ONETIOT ) ea cei a V's Che wine gee g SS wv viene ep bees 0.05 gm 


(may be omitted). 

(5) Slide culture (for studying the details of growth without disturb- 
ing the growing fungus). (a) Preparation of slide. Impregnate a piece 
of smooth filter paper by dipping it in melted paraffin. When the paraffin 
is hard, cut the paper into 4- by 25-mm strips. Sterilize a slide by pass- 
ing it several times through a flame. While the slide is still warm, place 
two pieces of the paraffined filter paper across it at such a distance that . 
the cover glass will just cover them. Flame a 22-mm square cover glass, 
and while it is still warm, place it over the paraffined paper strips on the 
slide. If necessary, seal the cover glass in place by pressing the side of a 
hot inoculating wire across the edges in contact with the paraffined papers. 


(b) Inoculation of slide. Melt a tube of Sabouraud’s or other suitable 
agar, and cool it to about 45° C. Inoculate it with spores, cells, or bits 
of mycelium of the fungus. With a warm (flamed) sterile capillary 
pipette allow a drop or two of the inoculated fluid agar to flow under the 
edge of the cover glass on the slide until the agar occupies about half the 
space under the cover glass. 


(c) Incubation of culture. It is absolutely necessary to prevent dry- 
ing of the culture medium on the slide during incubation. This may be 
accomplished by supporting the slide across a couple of toothpicks or 
matches over two or three thicknesses of moist filter paper in a Petri dish, 
and then inclosing the entire dish in a covered vessel. Incubate at the 
desired temperature: for fungi causing systemic infections, 37° C. is 
usually optimum; for dermatophytes, 30° C.; and for saprophytes, room 
temperature. During incubation the filter paper in the Petri dish must 
be kept moist. 

(d) Observation. From time to time the slide culture should be ob- 
served under the low-power or the high-power lens of the microscope. 
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Aerial growth appears about midway under the cover glass, where the 
line of agar meets the air. Deep growth of vegetative mycelium (or cells) 
appears below this line. 

d. Antmat InNocuLaTion. (1) Some of the fungi are not pathogenic 
for laboratory animals, but a few species, especially those causing sys- 
temic infections, are sufficiently pathogenic to make animal inoculation a 
useful aid in laboratory diagnosis. Diagnostic information is obtained 
by the intraperitoneal, intravenous, or intracerebral inoculation of the sus- 
pected material into the animal of choice. A pure culture of the isolated 
fungus suspended or macerated in sterile physiological saline solution is 
preferable to original clinical material. The forms of the fungi seen in 
tissues are usually quite different from the forms seen in cultures. 

(2) To produce dermatophytosis in animals, remove the hair from a 
large area on the side of the abdomen and abrade the exposed surface 
with sterile sandpaper or a dull blade. Rub well into the tissue a portion 
of a macerated slant culture of the fungus in pure culture. 

(3) Observe all animals for a prolonged period for the local and gen- 
eral evidences of infection that are specified in table XX XVII. 


382. Identification by Direct Examination 
The following key can be used for the identification of genera by the 
direct examination of clinical material; to definitely identify the species, 
culture is essential: 

a. SpoRES PRESENT. Hyphae present. 

(1) Spores found in and around hairs; branching hyphae in cutaneous 
scales. 

(a) Small, round spores; irregularly arranged ; usually within a sheath, 
external (ectothris) to hair. Microsporum 

(b) Oval, round or cylindrical spores (3 to 8u); arranged in chains 
within hair (endothrix), or both within and external to hair. Endothrix 
hairs with many air bubbles are suggestive of © Achorion-Trichophyton 

(c) Large, flattened, thick-walled cells and arthrospores; usually con- 
fined to skin of inner thighs, or lower extremities, and not invading hair. 


E pidermophyton 
(2) Budding spores (or cells) often detached from rudimentary my- 
celium. Candida (Monilia), Endomyces 


(3) Septate brown or black bodies in clumps. Multiplies by splitting. 
Hormodendrum, Phialophora 
b. Spores oR BuppDING CELLS PRESENT. Hyphae absent. 
(1) Budding forms. (a) Small, round or oval cells (3 to 7). 
Gryptococcus (Torula) 
(6) Round or slightly oval cells (10 to 154) with highly refractile cell 
walls ; single or multiple budding. _ Blastomyces 
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(c) Thin-walled oval cell (2 to 2.54) with single bud at pointed end; 
round cells also present; large vacuole and active protoplasmic granules 


within cell. Histoplasma 
(2) Nonbudding forms. (a) Double-contoured round bodies (5 to 
80.) ; mature cells tightly packed with endospores. Coccidioides 
(b) Cigar-shaped cells, rarely demonstrated except in experimentally 
infected animal. Sporotrichum 
c. Spores ABSENT. Hyphae absent. (1) Typhae with few septa- 
tions. Aspergillus, Mucor 


(2) Yellow (“sulfur”) granules with a central portion of interlacing 
hyphae (0.5 to 0.8u in diameter) surrounded by a radial arrangement of 
hyphae, sometimes extending into clublike or bulbous sheaths. Gram- 
positive. Actinomyces 


‘ (3) Variously colored granules composed of hyphae 1 to 4 in diame- 
ter. Monosporium, Madurella, etc. 


(4) Bacteria-like rods and branching filaments (0.8 to 1.0”). Acid- 
fast. Nocardia 


383. Identification by Cultural Examination 

The following key can be used for the identification of genera, and cer- 
tain species, by cultural study (the italic numbers in parenthesis refer to 
the numbered sketches in fig. 29). Morphological characteristics of fungi: 


. Microconidia in clusters (French, en grappes). 
. Microconidia along hypha (French, in thyrse). 
. Macroconidium (Trichophyton) (French, fuseau). 
Peopitale 
. Intercalary chlamydospore. 
Macroconidium (Microsporum). 
. Nodular organ.: 
. Pectinate body. 
. Macroconidia (Epidermophyton). 
. Racquet mycelium. 
11. Arthrospores. 
12. “Tuberculate” chlamydospore. 
13. Aspergillus. 
A. Vesicle. 
B. Sterigmata. 
C. Conidia. 
14. Penicillium. 
A. Conidiophore. 
B. Sterigmata. 
C. Conidia. 
15. Sporangium. 
16. Single budding cell. 
17. Lateral conidia. 
18. Multiple budding cell. 
19, Cell containing granules, 


— 
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Figure 29. Morphological characteristics of fungi. 


20. Favic chandeliers. 

21. Conidia (Sporotrichum). 

22. Ascospore. 

23. Terminal chlamydospore (Canida albicans). 
24. Encapsulated cell. 


a. Aerial growth; powdery, cottony, feathery, velvety, granular or 


downy; apparent on solid media after relatively short period of incuba- 
tion. 
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(1) Hyphae present in all cultures. Spores borne on simple fruiting 
structures (conidiophores). 

(a) Regularly outlined hyphae. Numerous round or oval microconidia 
borne in clusters (en grappe) (1) and laterally along hyphae (in thyrse) 
(2). Macroconidia (3) with blunt or rounded ends produced in some 
primary cultures. Spirals (4), nodular organs (7), and chlamydospores 
(5) present in many species. Pigment developed in several species (T. 
rubrum, T. violaceum, etc.) Trichophyton 

(b) Hyphae less regular and usually wider than in the above species. 
Numerous multiseptate (3 to 12 divisions), tapering, sometimes rough- 
walled macroconidia (6). Few microconidia; more frequently borne in 
thryse. Frequent chlamydospores, racquet mycelium, nodular organs. 
(7), and pectinate bodies (8) (M. audouint). Spirals rare. Yellow pig- 
ment formed by some species (M. lanosum). Microsporum 

(c) Greenish-yellow to olive-drab pigment. Numerous blunt macro- 
conidia (9) occurring directly on hyphae in clusters. No microconidia. 
Numerous chlamydospores. Epidermophyton 

(d) White, cottony plaques with moth-eaten appearance. Racquet 
mycelium (10). Barrelshaped spores in chains, easily dissociated in old 
cultures (arthrospores) (11). Coccidioides immitis 

(e) Septate hyphae from which lateral branches terminate in large 
spherical or pyriform spores with short fingerlike projections (“tubercu- 
late” chlamydospores) (12). _ Histoplasma capsulatum 

(2) Long, widely septate hyphae. Specialized fruiting structures. 
Colonies usually green or black. Rapidly growing. (Few, if any, species 
in this group are pathogenic, but they include the most troublesome labo- 
ratory contaminants. ) 

(a) Mycelium develops stalks (conidiophores) terminating in large 
rounded heads (vesicles). From regular fingerlike processes (sterig- 
mata) on the heads, rows of spores (conidia) develop in all directions 
(13). Some species develop, within perithecia, sacs (asci) (22) contain- 
ing ascospores. Aspergillus 

(b) No vesicle. Sterigmata attached directly to conidiophore (14). 

Penicillium 

(c) Hyphae nonseptate. Spores are contained in large, round, thick- 
walled terminal structures (sporangia) (15). Mucor, Rhizopus 

b. Irregularly convoluted growths on solid media, usually without aerial 
hyphae, or with short aerial hyphae. 

(1) ‘Slow-growing species. (a) Short thick hyphae. Carbohydrates 
not fermented. 

1. Colonies on blood agar incubated at 37° C. friable, yellow- 
ish-brown, and tuberclelike. Cells, with highly refractile 
walls, that bud (16), and frequently develop short rudi- 
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mentary hyphae. Colonies on Sabouraud’s agar (room 
temperature) covered with short aerial hyphae in central 
portion and surrounded by moist peripheral zone. Single 
lateral spores (17) borne on short conidiophores and 
chlamydospores. Blastomyces dermatitidis 


2. Colonies on blood agar incubated at 37° C. similar to the 
above species. Multiple-budding cells (18). Colonies on 
Sabouraud’s agar (room temperature) small, discrete, and 
covered with scant aerial hyphae. Spherical cells contain- 
ing granules (19). Blastomyces braziliensis 


(b) Fine branching hyphae. Colonies frequently colored. Spores, 
when present, small, oval, or pear-shaped. 
1. Deep-violet colony. Bizarre hyphae. Few or no spores. 
Trichophyton violaceum 
2. Tannish-brown colony, penetrating to crack medium. Nu- 
merous structures resembling reindeer horns (“favic 
chandeliers”) (20). Few conidia. 
Trichophyton (Achorion) Schoenleinit 
3. Colonies gray or yellow. No spores. Anaerobic. 
Actinomyces bovis 


4. Colonies tannish-yellow to orange ; heaped up irregular folds. 


Aerobic. Nocardia (Actinomyces) aster oides 
5. Colonies chalky white ; short aerial hyphae. 
Nocardia gypsoides 


6. Colonies light or dark and waxlike. Pear-shaped spores ar- 
ranged in groups at tips of conidiophores or growing lat- 
erally along fine, branching hyphae (21). 

Sporotrichum schencki 


_ (2) Rapid-growing species. Growth moist and pasty, resembling 
staphylococcus colonies. Yeastlike cells (budding). 
(a) Hyphae produced on corn meal agar. Ascospores (22). 
Endomyces 
(b) Hyphae produced on corn meal agar. No ascospores. Chlamydo- 
spores and cells in grapelike clusters (corn meal agar) (23). Acid and 
gas fermentation of dextrose and maltose; acid but not gas formation in 
sucrose. Candida (Monilia) albicans 


(c) Hyphae not produced on corn meal agar. Ascospores. 
Saccharomyces 
(d) Hyphae not produced on corn meal agar. No ascospores. Cells 
surrounded by large capsules (wet india-ink preparation) (24). 
Cryptococcus neoformans 
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384. Glossary 

Morphological description of the fungi necessitates the use of botannical 
terms unfamiliar to the bacteriologist. Some of the commoner ones are 
given below. 

Thallus. The entire vegetative portion of the fungus. 

Hyphae. ‘The filaments composing the thallus. 

Mycelium. The mass of hyphae. 

Sporophores or conidiophores. Fertile hyphae that give rise to spores. 


Spores: 

Vegetative (asexual) spores: 

Arthrospores and oidia. Formed by simple segmentation of 
hyphae. 

(Coccidioides, Geotrichum) : 

Blastospores. Simple buds from cells of the thallus (Candida). 
Conidia. Usually developed on specialized hyphae called conidio- 
phores (Penicillium, Aspergillus). 

Microconidia (aleuriospores). Differing from blastospores and conidia 
in that they are not set free when mature but remain attached until 
the mycelium disintegrates (Microsporum, Trichophyton). 

Chlamydospores. Formed by condensation of the protoplasm of a 
cell in the thallus into a swollen body with thickened membrane; 
resting spores analogous to bacterial spores. May be terminal, 
intercalary (formed in the hypha), or lateral. (Produced by 
nearly all fungi.) 

Macroconidia (fuseaux or spindle spores); special type of terminal 
chlamydospore, usually fusiform and divided into 2, 4, or 8 chambers 
(“ringworm” fungi). 

Sexual spores: 

Ascospores. An even number of spores formed in a sac (ascus) 
that is formed by the fusion of two parent cells of the thallus, 
the ascospores then being formed by mitotic division (Saccha- 
romyces, Endomyces, Penicillium, Aspergillus) : 

Basidiospores. Similar to ascospores but, instead of being in 
sacs, borne on stalks called basidia (mushrooms, toad- 
stools, and other Basidiomycetes). 

Zygospores. Produced by fusion of two similar cells (iso- 
gamy), resulting in a thick-walled nodule. Mucor, 
Rhizopus : 


Oospores. Similar to zygospores except that they result 
from the fusion of dissimilar cells (heterogamy) called 
the oogonium (female) and the antheridium (male). 
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CHAPTER 9 
BACTERIAL FOOD POISONING 


385. General 


Bacterial food poisonings are provided by the ingestion of foods con- 
taminated with certain types of bacteria or containing the toxic products 
of those bacteria. A variety of bacterial species have been suspected in 
outbreaks of food poisoning, of which three main types have been defi- 
nitely incriminated and must be considered in analyzing an outbreak. 


a. BoTULINUM GROUP (CLOSTRIDIUM PARABOTOLINUM AND CL. 
BOTULINUM ). These are saprophytic, gram-positive, anaerobic bacilli of 
the soil that produce botulism (food poisoning) only when their powerful 
preformed exotoxin is ingested in foods. The foods most commonly 
incriminated are canned vegetables, such as corn, spinach, string beans, 
etc. (See par. 357.) 


b. SALMONELLA (PaRATyPHOID) Group. Species frequently encoun- 
tered are S. typhimurium, S. schottmuelleri, S. newport, S. enteritidis, 
and S. choleraesuis, which cause food poisoning either by their presence 
in contaminated foods in massive numbers or by rapid multiplication in 
the body after ingestion. The food involved may be either an improp- 
erly cooked meat from a diseased animal, sea food, or uncooked or left- 
over food, such as salads, custards, meat hash, prepared meats, and dairy 
and poultry products that have been contaminated from human or animal 
sources. 


c. STAPHYLococcAL Group. Some species of staphylococci, chiefly 
hemolytic strains of Staph. aureus, produce a powerful enterotoxin. 
Such foods as custards, cream fillers, and uncooked or improperly refrig- 
erated tenderized ham are excellent media for the production of this toxin 
which when ingested gives rise to an acute, almost immediate, gastric 
disturbance. 


386. Investigation Program 

It is essential that the clinician, the epidemiologist, and the bacteriologist 
work in close cooperation on the problem of determining the cause and 
source of an outbreak of food poisoning. The clinician recognizes when 
and where food poisoning is occurring, and reports the cases and their 
features. The bacteriologist aids in the diagnosis, and assists the epide- 
miologist in determining the source of the infection by cultures of sus- 
pected food, feces, and vomitus, food-handler examinations (if indicated), 
etc. The epidemiologist assembles the data, traces the source and agency, 


409 


and determines corrective measures. The following general procedures 
are to be followed by the clinician, epidemiologist, and bacteriologist in 
the study of a food-poisoning outbreak: 

a. Prepare a list of all cases and their clinical features. 

b. Obtain a history of all cases, especially itemizing foods, eating places, 
and associations prior to the onset of symptoms. 

c. Determine the food responsible for or suspected of causing the illness 
by comparing histories of the cases. 

d. Study the history of the implicated food. Secure a list of the food 
handlers. Determine the methods of preparation and of storage of the 
suspected foods or food. 

e. Estimate the source of contamination by studying the history of the 
food. : 

f. Obtain the following samples for laboratory examination: 

(1) Left-over portions of the suspected foods (they should be packed 
in ice and examined promptly). 

(2) Specimens of vomitus and feces from the cases. 

(3) Feces from suspected food handlers (for Salmonella studies 
only). 

(4) Specimens of blood, spleen, liver, and intestines of fatal cases. 


387. Bacteriological Program 

_ a. First Day. (1) Determine the morphological features of the pre- 
dominating organisms in gram-stained films prepared from liquid portions 
of the foodstuffs or from suspensions of solid foods. 

(2) Inoculate culture media with specimens of food, feces, vomitus, 
etc., and incubate at 37° C. The following media should be used: 

(a) Streak eosin-methylene blue-agar and Shigella-Salmonella agar or 
desoxycholate-citrate-agar plates, and inoculate a tube of selenite-F broth 
for the detection and isolation of organisms of the genus Salmonella. 

(6) Streak blood-agar and infusion-agar plates, and inoculate tubes of 
infusion broth for the isolation of staphylococci, streptococci, and similar 
organisms. 

(c) Inoculate two tubes of fluid thioglycollate medium with samples 
of suspected food for growth of Cl. parabotulinum or Cl. botulinum (if 
suspected, otherwise omit). Heat one of the tubes at 70° C. for 20 min- 
utes. (The detection of these organisms in food specimens is of sec- 
ondary importance. It is the presence of the toxin and not of the bacte- 
rium that is conclusive evidence that a given food is responsible for an 
outbreak of botulism.) 

(3) Samples of suspected foods, vomitus, gastric washings, etc., their 
filtrates, or filtrates of cultures may be tested for the presence of pre- 
formed toxins by oral, intravenous, or intraperitoneal administration into 
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susceptible animals. Botulinum toxin can be demonstrated using mice 
or guinea pigs either by feeding or by intraperitoneal injection. Sta- 
phylococcal enterotoxin is best detected by oral ingestion of filtrates 
by human volunteers. Monkeys are susceptible to the toxin when ad- 
ministered by either the oral or intravenous route, and kittens have been 
used extensively for its demonstration by oral, intraperitoneal, or intra- 
venous administration. 

b. Seconp Day. (1) Examine the blood-agar and infusion-agar plates 
for staphylococci. 

(2) Examine the plates of differential media for Salmonella. If pres- 
ent, select isolated colonies and transfer. to Russell double-sugar tubes for 
identification. 

(3) Note the presence of other organisms on all media. 

(4) Examine the anaerobic tubes. If growth is noted, prepare gram- 
stained films. If organisms with the morphology of Cl. parabotulinum or 
Cl. botulinum are found, subculture to fresh blood-agar plates and incu- 
bate these at 37° C. anaerobically for 24 to 48 hours. 

c. THIRD AND FotLowi1ne Days. Carry out determinative work on 
isolated micro-organisms. 


688862°—46—27 
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CHAPTER 10 
WATER AND DAIRY BACTERIOLOGY 


Section |. BACTERIOLOGIC EXAMINATION OF WATER 
388. Standards for Drinking Water 


a. Water supplies for drinking purposes should conform to the stand- 
ards prescribed from time to time by the War Department. The bac- 
teriologic tests to be run by Army laboratories are those described in 
the latest edition of Standard Methods of Water Analysis, published by 
the American Public Health Association. The technic herein is based 
on the eighth edition, published in 1936. If any major changes in pro- 
cedure are incorporated in later editions, the new technic will be followed 
by Army laboratories. 

b. Impure water may serve as a medium for the transmission of 
pathogenic organisms causing such diseases as typhoid and paratyphoid 
fevers, dysentery, diarrhea, and cholera. Water from shallow wells 
and from streams or lakes is especially likely to carry such organisms. 
All water supplied should be viewed with suspicion and not used for 
drinking purposes until declared potable by the proper medical officer. 


389. Collection of Sample 

a. Bacteriologic examination of specimens of drinking water from ail 
Army stations is made routinely once every month and at more frequent 
intervals when indicated by local conditions or when prescribed. The 
bacteriologic examination may be supported by sanitary surveys and at 
times by a sanitary chemical examination of the water. These examina- 
tions are made locally when laboratory facilities are available, otherwise 
at service command or other laboratory. 

b. (1) Representative samples are collected by qualified personnel and 
shipped in item No. 1805000 (sterile 120-cc bottle in double-mailing con- 
tainer) to the laboratory. The collection must be carefully made to avoid 
extrinsic contaminating factors, such as would be added by the use of 
unsterile containers, tap drippings, dead-end water, insects, and other 
unrepresentative items. All samples of chlorinated water for bacterio- 
logic examination must be collected in sterile bottles to which 0.02—0.05 
gm of sodium thiosulfate have been added. 


(2) Since most samples of chlorinated water contain a sufficient 
amount of chlorine to kill the bacteria in the sample between collection 
and testing, it is required that such samples be collected into sterile 
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water—sample bottles containing 0.02 to 0.05 gm of sodium thiosulfate, 
which rapidly eliminates the bactericidal effect of the chlorine. 

(3) The time for collecting water samples should be determined by 
each officer concerned after a careful examination of mail schedules and 
other methods of transportation in order to insure delivery in the short- 
est time possible. Wherever practicable, the specimen must be delivered 
to the laboratory on the day of collection, and preferably, samples should 
be taken during the first 4 days of the week. 

c. Samples must be identified with the essential information concern- 
ing exact source, time of collection, special circumstances (if any), and 
the address of the person to whom the report is to be submitted. Indi- 
cate whether sample is raw or treated water. The laboratory includes 
these data in its report and adds the time of beginning examination, and 
the results of the test. 

d. Specimens, on receipt in the laboratory, must be stored in a re- 
frigerator and examined as soon as possible; raw (untreated) waters © 
should be examined within 6 hours of collection, and treated waters 
within 12 hours. 

e. Before beginning the tests, the appearance of the water (clear or 
cloudy) should be recorded, as well as the presence and relative amount 
or absence of sediment. 


390. Required Tests 

a. Two separate and distinct tests are run on each water sample to 
determine its potability: first, a total bacterial count and, second, a com- 
pleted test for the presence of members of coli-aerogenes group. 

b. The apparatus, materials, and media requirements are laid down 
in detail in Standard Methods, being in general those for routine bac- 
teriologic work with special emphasis on specific details of content of 
media used. The media for water analysis are not interchangeable with 
other bacteriologic media, as they differ in several features: 

(1) Beef extract, not beef infusion, is always used. 

(2) No sodium chloride is added. 

(3) Peptone is contained in reduced amount (0.5 percent). 

(4) The reaction is adjusted to the acid side (pH 6.4 to 7.0). 


391. Total Bacterial Count 

a. GENERAL. (1) This consists of the determination of the colony 
count given by 1 cc of water on standard nutrient agar or tryptone glu- 
cose extract agar after 24 hours’ incubation at 37° C. It is not a true 
total count for it misses dead bacteria, bacteria that do not grow at 37° 
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C., and bacteria that do not form visible colonies within 24 hours under 
standard conditions. 

(2) When water samples for bacteriologic examination are en route 
to Army laboratories in excess of 6 or 12 hours, respectively, as indi- 
cated above, the total bacterial count need not be made. 

(3) Only two portions (1 cc and 0.1 cc) of the sample are routinely 
plated. If an exact count of badly contaminated water is desired, addi- 
tional plates may be plated with smaller measured amounts of water. 


(4) When the tests are done promptly, colony counts of over 200 per 
cubic centimeter for treated waters and of over 500 per cubic centimeter 
for raw waters (spring, well, etc.) are abitrarily considered as evidenc- 
. ing sufficient contamination to render the water of doubtful value for 
drinking uses. Interpretation of any result must also consider the water 
source, treatment, and sanitary survey. 

b. PREPARATION OF PLATE CULTURES. (1) Label two Petri plates 
' with sample number and amount. 


(2) Mix the sample thoroughly by shaking vigorously 25 times. 

(3) Measure 1 cc of the sample with a sterile pipette into one plate, 
and 0.1 cc into the other plate. 

(4) Add to each plate 10 cc of nutrient agar or tryptone glucose ex- 
tract agar that has been liquefied and cooled to 42° to 45° C. 

(5) Effect mixture of the agar and water by tilting and rotating the 
plates. 

(6) Allow the agar to solidify; then invert the dishes, and place them 
in an incubator. 


(7) Prepare a control plate by the same procedure, less the water 
sample. 

(8) Incubate all plates at 37° C. for 24 hours (+ 1 hour). 

c. Cotony CounTING. (1) Count the number of colonies on the 
plates, using a lens (2% x and a standard ruled counting plate or using 
a Quebec colony counter (standard item No. 4187200) ). 

(2) Calculate colonies per cubic centimeter by multiplying the number 
of colonies in the plate by the fraction of cubic centimeter of sample used 
in the plate that gives the most practical number of colonies for count- 
ing, that is, less than 300 colonies per plate. If the 0.1 cc plate gives 
more than 300 colonies, estimate the number of colonies present by 
counting at least 200 colonies covering one or more squares (one large 
square, Or one square centimeter, on counting plate with Wolfhuegel 
ruling represents approximately 1/65 of the plate), and then calculating 
the number of colonies per plate. A O.1-cc plate with over 10 colonies 
per large square need not be counted further—report “over 5,000 colonies 
per cubic centimeter,” 
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(3) Report colony count—exactly in low counts and approximately 
in higher counts—as follows: 


Colony count Reported 
MN Gee kee Sees ON cud Bip Gok SA i bintiw een viena dese gece’ Exactly as counted 
I ea ae te ay Sielc)S a sinie'elé owe ok wajpace To nearest 5 
eds od Pina wats Wess wie ph wRA SCs ene stip pe sone § To nearest 10 
RRO NE eat ig ese Shad cig On Ra wk ehh a eis, SA ess wine natg ow ORO Che To nearest 25 
TES MEST) | Soa Pe ST OSS Se an ek EE Sr ee PS Pee To nearest 50 
HON PNECUI ROP OMI Sees ceri Ts a ec celah Wald vaiaelanaace Usesv eee st To nearest 100 


392. "Completed Test'' for Presence of Members of Coli- 
Aerogenes Group 

a. GENERAL. (1) The “completed test” is indicated when dealing with 
drinking-water examination and is the usual program followed in Army 
laboratories. 

(2) “Partial tests” are used for hasty examinations, for raw water 
in process of purification, for sewage, and for other known polluted 
waters where completed test is unnecessary, such as in water-purification 
plants and sewage-disposal plants. 

(3) The coli-aerogenes group includes all aerobic and facultative 
anaerobic, gram-negative, nonspore-forming bacilli that ferment lactose 
with gas formation. 

(4) Micro-organisms of this group are essentially nonpathogenic and 
not necessarily harmful in the water, but are considered as evidencing 
fecal pollution and the potential presence of pathogenic fecal organisms 
of the dysentery-typhoid-paratyphoid or cholera groups, which are not 
so readily detected in routine tests. 

(5) Positive completed tests require the demonstration, in subcultures 
made from initially inoculated lactose broth cultures, of one or more 
aerobic plate colonies of gram-negative, nonspore-forming bacilli that 
form gas when again inoculated into a lactose broth fermentation tube 
(secondary lactose tube). 

b. Mepta. The following media are required. (1) Lactose broth in 
large (30 cc) test tubes and small (10 cc) test tubes, each with small, 
inverted test tubes within to demonstrate gas formation. 

(2) Eosin methylene blue (EMB) agar for water. 

(3) Brilliant green lactose bile (BGLB) fermentation tubes. 

(4) Nutrient agar slant. 

c. TecHnic. (1) First day. (a) Mix water sample thoroughly by 
shaking vigorously 25 times. 

(6) Inoculate two small lactose tubes with 0.1 cc and 1.0 cc portions, 
respectively, and five large lactose tubes each with 10-cc portions of the 
water sample. Label tubes with sample number, and number from 1 to 7. 
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(c) Place in incubator at 37° C. for 24 hours. 

(2) Second day (a) Observe the lactose fermentation tubes. Record 
presence and amount, or the absence, of gas formation in column A, 
WD AGO Form 8-126 (Bacteriological Examination of Water) (fig. 30). 

(b) If gas has been formed in any tubes, inoculate the following 


media: 


1. EMB plate. Plant from the gas-containing tube inoculated 
with the smallest amount of original water sample. The 
plate must be streaked to insure the presence of discrete 
colonies. 


2. BGLB tubes. Plant from at least three (preferably all) tubes 
showing gas formation, including all such tubes inoculated 
with the smallest portions of original water sample. 


(c) Place the original lactose tubes and the transplants in the ‘incuba- 
tor at 37° C. for another 24 hours. 

(3) Third day. (a) Make and record (in column B, WD AGO 
Form 8-126) 48-hour readings on the original lactose tubes. If no gas 
has been formed in any tube, report the test negative. If gas has been 
formed in tubes originally inoculated with smaller portions of the water 
sample than those showing gas at 24 hours, inoculate an EMB plate and 
BGLB tubes from the latter and proceed as indicated above for the 
second day. 

(b) Observe the 24-hour EMB plate for typical coli or aerogenes 
type colonies. If present, select one or more (one of each type present) 
well-isolated colonies and transfer them to small lactose fermentation 
tubes and plain agar slants. The presence of typical colonies within 48 
hours is recorded in column D on Form 8-126, as positive. If no typical 
colonies are found on the plate and gas has been formed in the corres- 
ponding BGLB tube, streak a new EMB plate from that tube (if no 
typical colonies are present on this second plate after 24 hours’ incuba- 
tion, fish two or more colonies considered most likely to be organisms of- 
the coli-aerogenes group, transferring each to an agar slant and a small 
lactose broth fermentation tube). Reincubate negative plates. 

(c) Observe the BGLB tubes for gas formation. Gas in any amount 
is recorded in column C on Form 8-126, as positive. Reincubate nega- 
tive tubes. 

(d) Place newly inoculated media and other media as indicated into 
the incubator at 37° C. for 24 hours. 

(4) Fourth day. (a) Observe all 48-hour cultures—EMB plates for 
typical colonies and BGLB tubes for gas formation—and record results. 
If positive, proceed as indicated above for the third day. If no typical 
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Control Approval—Symbol MC-€3. 


BACTERIOLOGICAL EXAMINATION OF WATER 


DATE 
TO: 


SAMPLE No. FROM 


DATE OF COLLECTION DATE OF EXAMINATION 
APPEARANCE SEDIMENT 


oa LACTOSE BROTH, LACTOSE BROTH, 


GAS PERCENT GAS PERCENT 


COLS. PER CC AFTER 24 HOURS, AT 37° ON AGAR 
ORGANISM 


REMARKS 


M. C. 
FROM LABORATORY 


*The steps indicated as A, B, C, D, E, F, and G are those im: 
the procedure outlined in A.P.H.A. ‘Standard Methods of. 
Water Analysis,” 8th edition, 1936, and in TM 8-227 Methods 
for Laboratory Technicians. If these publications are su- 
perseded by later editions, all analytical work will be done 
in accordance with the latest standard method of water 
analysis approved by the American Public Health Associa- 
tion or hy The Surgeon General of the Army 


W.D., A. G. O. Form No. 8-126—1 September 1944 
This form supersedes W.D., M.D. Form No. 95, 27 April 1944, which 
may be used until existing stocks are exhausted. 
16—41435-1 GPa 


Figure 30. W.D., AGO Form 8-126 (Bacteriological Examination of Water). 
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colonies are present on. the plates and no gas has formed in any tube of 
the liquid confirmatory medium, report the test as negative. 

(6) Observe the secondary lactose tubes for gas formation, and re- 
cord the results in column E on Form 8-126. Reincubate, if negative. 

(c) If gas has been formed in a lactose tube, make a gram-stained 
film from corresponding plain agar slant. Examine for gram-negative, 
nonspore-forming bacilli, and record in column G on Form 8-126, as 
“Coliform.” 

(d) If the secondary lactose broth fermentation tubes do not show 
gas at the end of 24 hours, examine gram-stained films from all the 
slants. Reincubate the lactose tubes. 

(5) Fifth day. (a) Make a 48-hour reading of the secondary lactose 
tubes and record in column F on Form 8-126. The formation of gas 
in lactose broth and the demonstration of gram-negative nonspore-form- 
ing bacilli in the agar slant culture constitute a positive completed test, 
demonstrating the presence of a member of the coli-aerogenes group. 
The absence of gas formation in lactose broth or the failure to demon- 
strate gram-negative nonspore-forming bacilli in a gas-forming culture 
constitutes a negative test. 

(b) Prepare report on Form 8-126, using a standard remark (see 
below) wherever applicable. 

In most samples of polluted water, gas formation occurs within 24 
hours in all cases and the test can be completed, as shown in above out- 
line, within 3 days of the receipt of specimen. Sometimes, as indicated 
in the procedures for the third day and the fourth day, lactose fermenta- 
tion is delayed. In this case proceed as if fermentation had occurred 
within 24 hours. 


393. Remarks for Reporting Results of Test 

a. One or more of the following remarks should be included in the 
report: 

(1) Coliform bacteria not found. 

(2) Coliform bacteria in (state how many) 10-ce portions, but not 
1.0 cc or 0.1 ee. 

(3) Coliform bacteria in (state how shee 10-cc portions and in 
1.0 cc, but not in 0.1 cc. 

(4) Coliform bacteria in (state how many) 10-cc portions and in 
1.0 cc and 0.1 ce. 

(5) Coliform bacteria in (state number) 10-cc and in 0.1 cc, but not 
in 1.0 c® 

(6) For treated waters: 

(a) Colony count under 200 per cc. 
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(b) Colony count over 200 per ce. 

(c) Colony count not done—delayed in transmission. 

(7) For raw waters. Same as preceding, but level is 500 per cc. 
b. For the interpretation of results, see current directives. 


394. Differentiation of Members of Coli-Aerogenes Group 

A satisfactory identification of organisms belonging to the coli-aerogenes 
group (for example Escherichia coli, E. freundii, and Aerobacter aero- 
genes) can be based on four tests (indol, methyl red (MR), Voges- 
Proskauer (VP), and sodium citrate utilization). These tests are not 
routinely run but are sometimes requested as part of a sanitary survey 
of a watershed. E. colt (indol +, MR-+, VP —, and citrate —) is con- 
sidered to be of fecal origin. E. freundii (indo) +, MR +, VP —, and 
citrate-++-) and A. aerogenes (indol—, MR—, VP- and citrate +) 
are considered to be less commonly of fecal origin. 


395. Bacteriologic Examination of Swimming-pool Water 
This is carried out using the same technic as described for drinking 
water. (See par. 389.) 

Note. For methods of chemical analysis of water, see Standard Methods for the 
Examination of Water and Sewage, 8th edition, 1936, or a later edition when it is 
available. 


Section Il. BACTERIOLOGIC EXAMINATION OF DAIRY 
PRODUCTS 


396. Bacteriologic Examination of Milk 

a. REFERENCE. The subsequent recommendations are based on Stand- 
ard Methods for the Examination of Dairy Products (eighth edition, 
1941), published by American Public Health Association. 

b. DEFINITIONS. (1) “Raw milk” is untreated (except for refrigera- 
tion) milk. 

(2) “Pasteurized milk” is milk that has been treated with limited 
heat by one of several methods, in order to kill pathogenic bacteria. 

(3) “Certified milk” is an especially pure raw or pasteurized milk, 
generally used for infant feeding, produced under the supervision of a 
medical milk commission of the county or State medical society, based 
on requirements of the American Association of Medical Milk Com- 
missions. 

c. GRADES oF MiLxK. Milk is classified (graded) in accordance with 
its bacterial content and with the sanitary standards under which it is 
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produced and distributed. For grades used in the Army, see current 
Quartermaster specifications. 

d. CoLLECTION oF SAMPLES. (1) The sample selected should be 
representative of the lot to be tested, free of extrinsic contamination 
and so preserved by the use of sterile containers, and iced from the 
time of collection to the time of the laboratory test, to prevent bacterial 
growth in transit. 

(2) If the supply is a bottled milk, an unopened bottle may serve as 
a sample. The bottle should be picked at random from a distribution 
channel, kept on ice, and set up in the laboratory within 4 hours, if pos- 
sible. The cap and lip of bottle should be protected from contamination 
in transmission by a tight-fitting, waterproof covering. The bottle should 
be packed in ice in the upright position, its temperature being kept under 
45° F. until examination. If sample is to be sent to a distant laboratory 
by mail for a direct microscopic count, 2 drops of formalin for each 
10 cc of milk should be added; a sterile 120-cc glass-stoppered bottle is 
filled to the stopper, labeled “Formalinized,” and prepared for shipment 
in a double-mailing case. 


(3) Bulk milk may be sampled at the plant or during distribution by 
collection with sterile equipment; the sample is as above. 


(4) A plate count at a local laboratory is preferable, when properly 
performed, to a direct count at a distant laboratory. 


(5) All samples should be properly identified with the essential in- 
formation: name of dairy, time of collection, source and grade of milk, 
preservative used (if any), and the address of the person to whom the 
report is to be submitted. The laboratory includes these data on its re- 
port and adds the time of the start of examination and the results of the 
test. 

e. STANDARD Tests. (1) Agar plate method. This consists of count- 
ing the number of colonies of bacteria in a culture made of a measured 
amount of milk or other dairy product in standard nutrient agar after 
48 hours’ incubation at 37° or 32° C. The count so obtained is reported 
as “Standard Plate Count.” This count gives an estimate only of the 
viable. bacteria present, because of clumping of bacteria in the sample, 
variation in growth requirements of bacteria, and other factors. The 
incubation temperature used in Army laboratories should be 37° C., ex- 
cept in examining milks purchased in States, counties, or other locali- 
ties requiring incubation at 32° C. This method should be applied when 
an iced sample can be delivered to a nearby laboratory for immediate 
examination. 


(2) Direct microscopic method. This consists of a direct microscopic 
count of organisms in stained films of milk and cream. It is used in 
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central Army laboratories in making estimates of the number of bacteria 
(living or dead) in specimens of formalinized milk from outlying sta- 
tions where laboratory facilities for the agar plate method are not locally 
available. The technic is given in Standard Methods for the Examina- 
tion of Dairy Products. 

(3) Sediment test. This test is performed by passing 1 pint of milk 
through a standard filter disk and observing for dirt, hair, and other 
extrinsic material. It is used as an index of the cleanness of milk. 

(4) Tests for specific types or groups of bacteria. Such tests, includ- 
ing those for the coli-aerogenes group, hemolytic streptococci, tubercle 
bacilli, and Brucella, as described in Standard Methods for the Exami- 
nation of Dairy Products. The tests are similar to routine laboratory 
examinations for these micro-organisms and, except for the coli-aero- 
genes group are seldom required. 

f. STANDARD PLATE Count. (1) First day. (a) Agitate the milk 
sample thoroughly. 

(b) Using sterile dilution bottles, containing exactly 9.0 cc or 99 cc 
of distilled water, prepare a series of dilutions depending on the ex- 
pected colony count (based on grade of milk and results of previous 
examination). The plates to be counted should have between 30 and 300 
colonies; routinely, prepare dilutions of 1:100, 1:1000 and 1:10,000. 

(c) Mix each dilution as prepared, by shaking rapidly up and down 
25 times in arc of 1 foot. Transfer 1.0 cc of each dilution to a properly 
labeled Petri dish. 

(d) Add contents of a tube of standard nutrient agar (tryptone glu- 
cose extract milk agar), previously melted and cooled to 42° C. to each 
Petri dish and mix with sample by carefully rotating or tilting the dish. 
Allow the mixture to solidify. 

(e) Incubate at 37° C. (or 32° C.) for 48 hours (plus* or minus 3 
hours). 

(2) Third day. (a) Select the plates containing between 30 to 300 
colonies, and count all colonies, including those of pinpoint size. The 
use of a Quebec colony counter is recommended. When the number of 
colonies in the plates exceeds 300, count representative areas of the 
plate and then estimate the total number of colonies present by multiply- 
ing the count secured by the proper factor. If there are between 5 and 
10 colonies per large square (square centimeter) count 14 squares, se- 
lecting preferably 7 consecutive squares vertically and 7 consecutive 
squares horizontally across the plate. If there are more than 10 colonies 
per large square, count 4 of the squares, selecting preferably the 4 at 
the center, providing these are representative of the colony distribution. 
Determine the total plate count by multiplying the average number of 
colonies per square centimeter by the factor, which depends on the 
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average inside diameter of the Petri dishes being used (90 mm, multiply- 
ing by 63.5; 91 mm, by 65.0; and 92 mm, by 66.5). 

(b) Multiply the number of colonies found by the dilution factor to 
find the colony count per cubic centimeter of sample. 

(c) Report: “Standard plate count per cubic centimeter at 37° 
Cle Be ta 

g. TESTS FOR PRESENCE OF “COLIFORM” ORGANISMS (COLI-AERO- 
GENES Group). (1) Liquid media. Inoculate a series of fermentation 
tubes of brilliant green lactose bile broth with each amount of milk to 
be tested (10 cc, 1.0 cc, 0.1 cc, 0.01 cc, etc.). Incubate. If gas is formed, 
continue as with water for identification. (See par. 392.) 

(2) Solid media. For estimating the number of coliform organisms 
when present in numbers between 4 and 150 per cc, 1.0 cc of milk may 
be plated out in a single plate of desoxycholate agar. Follow the details 
of technic as described in Standard Methods for the Examination of 
Dairy Products. 


397. Bacteriological Examination of Cream 
Estimations of the bacterial content of cream samples are made by using 


the same methods as those for milk with the following exceptions: 

a. MEASURING SAMPLE. Mix sample; weigh 1.0 gm aseptically into 
a sterile butter boat or directly into a dilution bottle. 

b. Ditutions Usep. The allowable bacterial content of cream, other 
than certified, is greater (50,000 to 100,000 colonies per cubic centi- 
meter) than that for milk. Hence, the dilutions should be carried one 
or two steps farther when using the agar plate method. 


398. Bacteriological Examination of Frozen Desserts and Their 
Ingredients 
a, GENERAL. (1) In the bacteriological examination of ice cream, ice 
cream mix before it is frozen, and other frozen desserts, follow the same 
general methods as for milk. 


(2) Collect samples in at least 50-cc amounts in unopened cartons or 
in sterile, wide-mouthed, 125-cc bottles fitted with ground-glass stoppers 
or metal caps. In sampling bulk ice cream, remove the top 2 to 3 centi- 
meters with a sterile spoon, discard this, and use a second sterile spoon 
to collect the sample. Collect representative samples of ice cream mix 
at periodic intervals. Send to the laboratory immediately for examina- 
tion. If the laboratory is at some distance, keep the sample properly 
refrigerated by packing in dry ice or in water containing cracked ice. 

b. STANDARD PLATE Count. 

(1) Preparation of sample. Melt the frozen dessert by placing the 
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container in a water bath at 42° to 45° C. for a period not to exceed 
15 minutes (just long enough for the contents to melt). 

(2) Methods of making dilutions. (a) Volumetric. To reduce the 
percentage of error when using materials of high viscosity (melted ice 
cream, ice cream mix, condensed milk, etc.), it is necessary to use large 
amounts in making the first dilution. To make a 1:10 dilution, use 11 
ce of sample to 99 cc of sterile water in a dilution bottle. This method 
is generally used in dairy control work. 

(b) Gravimetric. This method is more accurate and should be used 
for most Army laboratory examinations. 

1. Immediately before measuring out the desired ‘eave: shake 
the sample container not less than 25 times to insure uni- 
form distribution of the contents. 

2. Use a sterile pipette and weigh aseptically into a sterile butter 
boat a 1 gm (or larger) representative portion of the frozen 
dessert or mix; or weigh 11 gms of the material directly 
into a dilution bottle, which may or may not contain 99 cc 
of sterile water when the sample is measured into it. The 
use of an 11 gm (or 11 cc) portion in 99 cc water gives a 
1:10 initial dilution. 

3. The butter boat or similar piece of apparatus may be sterilized 
in a cotton-plugged test tube. The dilution bottles must 
have an opening of such size as readily to take the butter 
boat. Remove the cotton plug from the test tube and slide 
the butter boat forward until it projects about 2 centimeters — 
beyond the end of test tube. Do not allow the boat to touch 
a contaminated object. Weigh the test tube and butter boat 
to the second decimal place. Pipette 1 gm, or slightly more, 
of the sample into the butter boat and again weigh to the 
second decimal place. Allow the butter boat and contents 
to slide into the dilution bottle, and add the amount of 
sterile water required to make a 1:10 dilution. 


(3) Technic. Make further dilutions, and continue as for examination 
of milk. 
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CHAPTER I! 
RICKETTSIAE AND VIRUSES 


Section |. RICKETTSIAE 


399. General 


Four groups of rickettsial diseases in man have been established by their 
epidemiologic, pathologic, and serologic behavior. The first is the typhus- 
fever group, which includes: epidemic typhus fever, and murine typhus 
fever. The second is the spotted fever group, in which are included: 
Rocky Mountain spotted fever; Brazilian spotted fever; Colombian 
spotted fever; fievre boutonneuse; Kenya typhus; and South African 
tick-bite fever. The third is the tsutsugamushi-fever group, which is 
comprised of Sumatran typhus, New Guinea scrub typhus, Malayan 
scrub typhus, and Queensland coastal fever, all of which are probably 
identical. The fourth, so-called “Q” fever, includes both the Australian 
and American forms of the disease. There may be a fifth group, trench 
fever, but as yet this has not been proved. 

a. DESCRIPTION. Rickettsiae are small pleomorphic micro-organisms; | 
they generally appear as diplobacilli in pairs, but may occur singly. Their 
size depends on various factors, the chief one being the source from 
which the infectious material is obtained. In cultures, the various types 
of rickettsiae vary greatly in size from barely visible forms up to long 
bacillary or filamentous forms. In tissues they stain lavender with the 
Giemsa stain, but in smears of exudate (tunica vaginalis) and in tissue 
cultures they stain best with the Macchiavello stain, appearing as red 
bacillary bodies, whereas the cells stain blue. Rickettsiae of scrub typhus 
take only the Giemsa stain. Rickettsiae of epidemic and endemic (mu- 
rine) typhus fever develop in the cytoplasm, but those of Rocky Moun- 
tain spotted fever often appear in the nucleus. This is an important 
morphologic distinction between these two types. Rickettsiae grow only 
in the presence of living cells and in this respect resemble viruses. 

b. Vaccines. Formalinized vaccines have been prepared from tissue 
cultures, the infected yolk-sac of the developing chick embryo, from the 
lungs of intranasally inoculated animals, and from infected vectors. 

(1) There are four typhus vaccines in use: 

(a) Weigl vaccine. This is prepared by infecting lice by rectal inocu- 
lation with an epidemic strain, and allowing them to feed on human be- 
ings immune to typhus fever. The lice die of the infection in from 8 to 
12 days. The intestinal contents are ground and phenolized. 
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(b) Durand-Giraud lung vaccine. Mice, rabbits, and sheep are in- 
fected with an epidemic strain by intranasal instillation. A pulmonary 
infection results and many rickettsiae are found in the cells. The macer- 
ated lung tissue is formalinized. 


(c) Blanc vaccine. This vaccine is prepared from feces of fleas in- 
fected with a murine strain. Fleas feed on infected rats, and flea feces 
are gathered from the hair of the rat. The feces are dried to maintain 
the rickettsiae in viable state. The vaccine is made by suspending the 
feces in saline containing beef bile, which is supposed to decrease the 
virulence of the organism. This is a dangerous vaccine to use because 
it can induce murine typhus in man. ~ 

(d) Cox type vaccine. Rickettsiae are grown in the yolk sacs of de- 
veloping chick embryos. The rickettsiae are extracted from the yolk 
sacs and suspended in formalinized saline. An improved form of this 
vaccine is now being used by the United States Army. 

(2) Rocky Mountain spotted fever vaccine was originally prepared 
from infected tick tissue inactivated with formalin but has recently been 
supplanted by formalinized yolk sac suspensions similar to the Cox type 
typhus vaccine. 


400. Habitat 

Rickettsiae are parasitic on the cells of arthropods, animals, and man. 
Those pathogenic for man cause four clearly defined groups of diseases. 
Many of these agents are primarily harbored by rodents or other animals, 
being transmitted to man by infected lice, ticks, fleas, and mites. The 
blood and all the organs of infected men or animals are infectious, but 
rickettsiae are demonstrated with extreme difficulty in preparations made 
from many of these tissues. The common locality in which to find them 
is in the tunica vaginalis of infected guinea pigs when scrotal swelling 
exists. In typhus fever, especially the murine type, the serosal cells 
lining the tunica vaginalis are packed with them. In spotted fever the 
mesothelial cells in the tunica vaginalis show a sparse infection, the dis- 
tinctive lesion being the presence of organisms in the smooth-muscle 
cells, as well as the endothelial cells of the arterioles and venules of the 
scrotum. — ; 


401. Important Species 

a. R. prowazeki causes epidemic typhus fever. It is transmitted 
from man to man by the body louse, Pediculus humanus var. corporis, 
or the head louse, P. humanus var. capitis. The micro-organisms occur 
‘in the cells lining the alimentary tract of the infected louse, and so the 
disease is transmitted to man via the louse excreta. In from 5 to 7 
days after the louse has fed on the blood of an infected man, the ex- 
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creta become infective and may remain so for 5 days. The louse then 
dies and, therefore, is not a reservoir of the disease between epidemics. 
In man the most characteristic lesion resulting from this infection is in 
the vascular system, mainly in the skin, heart, and brain. This is a 
filth or war disease that was responsible for many million deaths during 
and after World War I. Tabardillo or Mexican typhus belongs to this 
group, as does Brill’s disease. 


b. R. mooseri is the cause of endemic or murine typhus. It is nor- 
mally a pathogen of rats and other rodents, and is transmitted from rat 
to rat and from rat to man by rat fleas (Xenopsylla cheopis and Nosop- 
syllus fasciatus). Although not proved, it is possible that endemic typhus 
may also be transmitted from man to man by the body louse. In fleas, 
the rickettsiae may exist without causing their death. 


c. R. (Dermacentroxenus) rickettsi causes Rocky Mountain spotted 
fever. Related diseases are Brazilian spotted fever, Colombian spotted 
fever, fievre boutonneuse, South African tick-bite fever, and Kenya 
typhus. Rocky Mountain spotted fever is transmitted by the wood tick 
(Dermacentor andersoni) in the western part of the United States, 
whereas in the eastern part it is transmitted by the dog tick (D. varia- 
bilis). There is a great variation in the severity of different strains of 
this disease. Severe and mild strains for guinea pigs have been isolated 
both in the eastern and western parts of the United States. When age 
is taken into account, there is no significant difference in case fatality 
rate between the eastern and western parts of the country. The rickett- 
siae proliferate in the tick without harm to it and are transmitted heredi- 
tarily to its descendants. In the tick, intranuclear forms are frequently 
found. Infected ticks may transmit the disease to man, monkeys, guinea 
pigs, rabbits, dogs, ground squirrels, and other rodents. 

d. R. orientalis causes tsutsugamushi fever. This agent is transmitted 
by the bite of infected larvae of mites (Trombicula akamushi and other 
trombiculae). The disease occurs endemically in Japan, the Malay States, 
Eastern India, Ceylon and islands of the South Pacific. 


e. R. burneti is the cause of “OQ” fever in Australia. In the United 
States a subspecies (diaporica) of these rickettsiae has been isolated from 
ticks found in nature and from cases of an institutional outbreak of 
pneumonitis. In guinea pigs the American strain is more virulent than 
the Australian. Immunologic studies indicate that the Australian and 
American diseases are identical. 

f. R. quintana (R. pediculi) probably causes trench fever. This is 
transmitted by the louse. Rickettsiae are found in the lumen of the 
gut 5 days after the louse has fed on the blood of a patient. The excreta 
become infective and may remain so for at least 4 months, Infection 
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occurs as the result of rubbing the excreta into the skin. This was a 
frequent disease in the trench life of World War I. 


402. Collection and Transmission of Specimens 

a. Clear, sterile serum of the patient should be obtained for the Weil- 
Felix test. 

b. Sterile defribrinated or citrated blood is used for animal inoculation. 
This material should be inoculated intraperitoneally into guinea pigs as 
soon as possible. 

c. From autopsies on man, fresh portions of sterile brain or spleen 
should be saved for animal inoculation, and tissues should be fixed in 
formalin or Zenker’s solution for histopathological examination. 

d. In autopsies on guinea pigs, slide preparations should be made 
from scrapings of the tunica vaginalis. Epidemic typhus is transmitted 
from guinea pig to guinea pig by intraperitoneal inoculation of an emul- 
sion of infected brain. Murine typhus is transmitted from guinea pig 
to guinea pig by the intraperitoneal inoculation of saline washings or 
suspensions of the ground-up tunica vaginalis. Rocky Mountain spotted 
fever is transmitted from guinea pig to guinea pig by the intraperitoneal 
inoculation of heart’s blood. Scrub typhus is most easily transmitted to 
white mice by intraperitoneal inoculation. 


403. Serological Reactions 

a. WeEIL-FELIxX REAcTION (par. 354). This is a macroscopic tube 
agglutination test used in diagnosing rickettsial diseases. The antigens 
employed are variants of the Proteus X strain, which was originally 
isolated from the urine of typhus patients. This organism bears no re- 
lation to the rickettsiae that cause the disease. The tubes are incubated 
for 2 hours at 37° C. and left in the ice box overnight. Only the non- 
motile or O variant, living or heat killed, is used. The OX,, strain is 
used for typhus fever (both types) and Rocky Mountain spotted fever, 
and the Kingsbury strain (OXK) for tsutsugamushi fever. Agglutinins 
for proteus X in typhus fever usually appear in the late febrile period, 
increase in titer during early convalescence, and usually disappear about 
2 months after the onset of the disease. Some cases of epidemic typhus 
give a Weil-Felix test of low titer. In Rocky Mountain spotted fever, 
agglutinins usually appear by the eleventh to thirteenth day. An increase. 
in titer is significant. In scrub typhus the Weil-Felix with OXK may 
be negative occasionally. The OX,, agglutination test cannot be used in 
distinguishing the two types of typhus fever from Rocky Mountain 
spotted fever. In all three diseases a titer of 1:100 is significant and 


an increase in titer during the course of the disease is of first importance. 
688862°—46—28 : 
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In typhus fever a titer of 1:1000 is frequent, and even one of 1:100,000 
may be attained. In Rocky Mountain spotted fever a titer of 1:10,000 
has been found. 

b. COMPLEMENT FIxATION Test. Recently complement fixation tests 
have been shown to be of value in the diagnosis of rickettsial diseases. 
These tests use as antigens the specific rickettsiae cultivated in the yolk 
sacs of developing chick embryos. By means of. these antigens it is pos- 
sible to differentiate epidemic and murine typhus, as well as Rocky 
Mountain spotted fever and “Q” fever. The test is performed routinely 
by the Army Medical School, Washington, D. C., as well as by desig- 
nated Army laboratories in other areas. 


404. Reaction in Guinea Pigs 


a. TRANSMISSION. The transmission of the undetermined agent to the 
male guinea pig is the most valuable single process for establishing the 
diagnosis. It may induce fever or scrotal reactions of diagnostic signi- 
ficance. Later, one may apply cross-immunity tests with known strains 
of typhus and spotted fever after the guinea pig has reacted, or the type 
of infection may be demonstrated by the complement fixation test on 
the convalescent guinea pig serum. Human blood is commonly infective 
for guinea pigs only during the first 4 to 6 days of fever. The best 
method for establishing a strain is to withdraw about 30 cc of blood. 
After the blood has clotted, the serum is removed and the clot ground 
up. The latter is suspended in 10 cc of saline, and 5 cc is inoculated into 
guinea pigs by the intraperitoneal route. In transferring epidemic typhus 
from one animal to another, the guinea pig is sacrificed on the third day 
of fever and a brain suspensior is inoculated intraperitoneally. For 
murine typhus, washings or grourd suspensions of the tunica vaginalis 
are used for transfer. In Rocky Mountain spotted fever 1 cc of guinea- 
pig blood is usually sufficient, but with strains of low virulence 4 cc 
may be necessary. The diagnosis of the disease in the guinea pig is 
based on a febrile reaction, the presence and type or scrotal lesions, the 
presence of rickettsiae in the tunica vaginalis, the transfer of the disease 
from animal to animal, the development of a specific immunity, the 
presence of brain lesions on the seventh to eleventh days from the onset 
of fever, and the sterility of the blood and brain on ordinary culture 

- media. 

b. TEMPERATURE. The normal temperature of the guinea pig goes as 
high as 104° F.; anything above this may be regarded as abnormal. In 
the original guinea pig inoculation, provided the blood is handled as de- 
scribed above, the temperature rises on the twelfth to the fourteenth day. 
Once the disease has “taken” the course in subsequent transfers remains 


428 


Table XXX VIII. Interpretation of laboratory tests for rickettsial diseases 


sats asp Results of guinea pig inoculation 
Disease 
Brain 
OXi9 OXK Scrotal swelling lesions Immunity 
(7-10 days) 
Epidemic typhus + _ Rare; few intra- | Many____| Immune to 
fever. cytoplasmic itself and 
rickettsiae in murine 
tunica . typhus 
vaginalis. fever. 
Murine typhus + = Usual; many in- | Few Immune to 
fever. tracytoplasmic (chiefly itself and to 
rickettsiae in fore- epidemic 
tunica vaginalis brain). typhus 
(Neill-Mooser fever. 
bodies). 
Rocky Mountain a _ Only with viru- Few Immune to 
spotted fever. lent strains; (chiefly itself and 
‘| few rickettsiae hind- other mem- 
in tunica vagi- brain). bers of the 
nalis, may be same group. 
: intranuclear. 
“QO” fever___._-- — ~ INQne 2 scses rs au — Immune to 
itseif only. 
Trench fever_____ ? ? Nonee. oo ciene 2s ? ? 
Tsutsugamushi ~~ _ + Nokes sete _ Immune to 


itself only. 


more or less constant, provided the transfers are made at the same time 
and in the same manner. In epidemic typhus the period of incubation is 
from 7 to 10 days, with fever lasting about 6 days. In murine typhus 
the incubation period is from 3 to 4 days, with fever and scrotal swell- 
ing. In Rocky Mountain spotted fever the period of incubation is from 
2 to 6 days, depending on the virulence of the strain, and fever is of about 
5 days’ duration. 

c. ScroTaL Reaction. This reaction is found more frequently in large 
guinea pigs than in small ones. The typical reaction is characterized by 
swelling and redness. The testes are firm and cannot be pushed back into 
the peritoneal cavity. Scrapings of the inner surface of the tunica vag- 
inalis from guinea pigs infected with murine typhus show many cells 
filled with rickettsiae. These infected cells are called “Neill-Mooser bod- 
ies.” Although scrotal swelling may occur in epidemic typhus, it is not 
the rule, and only a few rickettsiae are found. In the scrotal reactions 
of spotted fever, the gross pathology is limited to the skin of the scrotum, 
ranging from a diffuse redness to actual necrosis, 
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405. Relation Between Types of Typhus 

a. Stmicarities. (1) Guinea pigs and monkeys that have recovered 
from one type of typhus fever are immune to the other. 

(2) In man, a positive Weil-Felix reaction, using OX,,, is present fol- 
lowing both diseases. 

(3) The brain lesions of experimental animals are indistinguishable, 
except in number and distribution. 

(4) The clinical course in man is somewhat similar in onset, febrile 
reaction, rash, and duration. 

b. DIFFERENCE. (1) The rickettsiae of murine (endemic) typhus pro- 
duce rapid rise of temperature in guinea pigs, only a few brain lesions, 
and a characteristic scrotal swelling. Scrapings from the tunica vaginalis 
show large, swollen endotheial cells, filled with rickettsiae (Neil-Mooser 
bodies). Epidemic (European) strains produce a slower rise in temper- 
ature in guinea pigs, do not give obvious scrotal swelling, but cause many 
brain lesions. 

(2) Murine strains cause a febrile disease in the rat, with rickettsiae 
in the scrotal sac; epidemic strains cause inapparent infection in this 
animal. 

(3) Murine rickettsiae injected into X-rayed rats produce a heavy 
diffuse infection: epidemic typhus rickettsiae do not. 

(4) Epidemic typhus fever is severer in man and occurs in the win- 
ter ; murine typhus fever tends to occur in the summer. 


406. Cultural Examination 

This procedure is not routinely employed. The rickettsiae will not grow 
on ordinary culture media. The various types of rickettsiae have been 
grown by the following methods: (a) classic tissue culture methods; (b) 
inoculation into the yolk sac of fertile chick eggs on the sixth day of 
incubation (Cox); (¢) inoculation into serum-Tyrode-agar medium on 
which susceptible tissue cells have been placed on the surface of the me- 
dium (Zinsser, Plotz, and Enders) ; (d) by injecting into an arthropod 
(louse) vector (Weigl). 


407. Microscopical Examination 
This is not applicable to the direct diagnosis but only to tissue, animal 
exudate, and culture materials. 


a, GIEMSA STAIN. Tissue specimens, fixed for 30 minutes in alcohol, 
Zenker’s solution, or Regaud’s solution, are sectioned and stained for 10 
to 24 hours with diluted (1:50) Giemsa solution. The rickettsiae appear 
as lavender bodies. 


b. MAccCHIAVELLO STAIN. Tissue cultures or smears of exudate are 
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stained by the following procedure: stain with basic fuchsin (0.25 per- 
cent in distilled water) for 4 minutes; wash with water, then very rap- 
idly with a 0.5 percent aqueous solution of citric acid, and then with 
water; stain with methylene blue (1 percent aqueous solution) for 10 
seconds; wash, and dry. The rickettsiae stain red, and the cells blue. 


Section Il. VIRUSES 


408. Occurrence 
Viruses are obligate parasites, responsible for various pathologic condi- 


tions in mammals, birds, fish, insects, plants, and bacteria. They are the 
causative agents of many communicable diseases in man. These diseases 
are transmitted by contact with a diseased person or carrier, by infected 
insects, or by the bite of an infected animal (for example, rabies by the 
bite of a rabid dog). Viruses live and multiply within the living cells 
of the host and usually infect a particular type of cell or cells from a lim- 
ited group of tissues. 


409. Characteristics 

Uncertainty exists concerning whether viruses are living matter, as usu- 
ally considered, or inanimate. In general, their characteristics are as 
follows: 

a. They are of small size, ranging from 8 to 275 millimicrons in diam- 
eter. The larger ones, such as vaccinia, psittacosis, and lymphgranuloma 
venereum, may be seen with the ordinary microscope. These visible 
virus particles are known as “elementary bodies.” Photographs of practi- 
cally all the viruses have been made by means of the electron microscope. 

b. Due to the average small size, viruses are filterable—that is, they 
will pass through porous earthenware filters that normally hold back bac- 
teria. Some of the larger ones, however, are filterable only with dif- 
ficulty. 

c. An important characteristic is the inability of viruses to multiply in 
the absence of living cells. This is perhaps the most important single fact 
in separating them from bacteria, and the one that is responsible for the 
special technics required in their study and identification. Because of 
this the cultivation of viruses pathogenic for man must be done either 
in animals or in various forms of tissue culture. 

d. An important property of some viruses is their ability to cause the 
production of “inclusion bodies,’ which are abnormal intracellular struc- 
tures appearing either in the cytoplasm or in the nucleus of the affected 
cells. These bodies are seen in histologic sections, and take either 
basophilic or acidophilic stains. They are distinct from the elementary 
bodies mentioned above, although these bodies may be incorporated in 
them, In certain diseases these inclusions, when appropriately stained, 
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are considered pathognomonic (Negri bodies in rabies). In other dis- 
eases they are sufficiently characteristic to be strongly indicative of the 
type of virus present. They are not, however, universally present. 


410. Classification 

Owing to the small size of viruses and their parasitism for living cells 
it is impossible to classify them by their morphologic characteristics They 
are therefore grouped by the combination of their physical properties 
and the predominant type of reaction produced in the animal host. The 
recognized diseases of man are grouped as follows: 

a. Virus diseases that are characterized by central nervous system 
involvement include rabies, poliomyelitis, St. Louis encephalitis, lympho- 
cytic choriomeningitis, Western equine encephalomyelitis, Eastern equine 
encephalomyelitis, Japanese B encephalitis, Russian spring-summer en- 
cephalitis, virus B disease, pseudo-rabies, louping ill (a disease primarily 
of sheep), and encephalitis lethargica (not proved to be a virus disease). 

b. Virus diseases that are characterized by skin manifestations include 
small pox, vaccinia, chickenpox, herpes febrilis, herpes zoster, molluscum 
contagiosum, common wart, trachoma, and inclusion conjunctivitis. 

c. The virus diseases predominately affecting the respiratory tract are 
influenza and psittacosis. 

d. Virus diseases producing generalized diffuse infections include 
measles, German measles, mumps, yellow fever, dengue fever, sandfly 
fever, Rift Valley fever (a disease primarily of sheep in East Africa), 
and lymphogranuloma venereum. 


411. Methods of Diagnosis 
The etiology of virus diseases is established in one or more of four ways: 

a. By the physical signs and symptoms alone in those diseases in which 
such signs are pathognomonic or in which virus isolations or serologic 
tests are as yet too difficult or obscure to be of value (mumps, measles, 
etC..); 

b. By the microscopical study of tissues, with the demonstration of 
specific lesions (liver sections in yellow fever, Negri bodies in rabies, 
eie5:: 

c. By ‘the isolation and identification of virus in laboratory animals 
from the blood, tissues, or excreta of patients. 

d. By the demonstration of a rise in titer of specific antibodies during 
the course of the disease. 


412. Collection of Specimens 
Three types of specimens may be collected: 


a, Tissues to be shipped for microscopical examination are usually 
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fixed in 10 percent formalin. If they are for local examination, other fix- 
atives, as recommended in the section on pathology, may be used. 


b. (1) Materials for virus isolation need special care in their handling 
owing to the facts that the viruses are perishable and are also highly 
infectious for persons coming in contact with them. Furthermore, as 
they are to be tested in animals or tissue cultures, special precautions 
to prevent bacterial contamination are necessary. 


(2) For such materials as blood or spinal fluid, specimens must be pre- 
served and shipped in the frozen state. The best method is to distribute 
the material in sterile, 10 by 100 mm Pyrex tubes plugged with sterile 
cork or rubber stoppers and sealed with adhesive tape. It is important 
that these tubes be less than one-third full to provide room for the 
expansion of the liquid on freezing. Such tubes are placed in a mixture 
of 95 percent ethyl alcohol and solid carbon dioxide (dry ice), and are 
rotated in a slanted position so that the liquid freezes along the sides of 
the tubes. The tubes are then wrapped with gauze or cotton to prevent 
breakage and packed in a Thermos flask which is then filled with dry ice. 
A small notch should be cut down the side of the stopper of the flask 
to permit the escape of gaseous carbon dioxide. 


(3) For the shipment of tissues, the materials may be placed in Pyrex 
tubes, stoppered, frozen, and packed as above. If, however, the tissues 
cannot be shipped frozen in dry ice, they may be placed in 50 percent 
buffered glycerol for shipment at ordinary temperatures. The buffered 
glycerol is made as follows: add 9.15 ce of a solution of 21 gm of citric 
acid in 1,000 cc of double-distilled water to 290.85 cc of a solution of 
28.4 gm of disodium phosphate (Na, HPO,) in 1,000 ce of double-dis- 
tilled water; mix equal parts of this buffer solution (pH 7.4) and chem- 
ically pure glycerol; fill cork-stoppered specimen bottles half full, and 
sterilize at 15 pounds pressure for 30 minutes. 


c. Specimens of sterile serum (separated from the blood clot) for 
serologic study need not be frozen. To prevent bacterial contamination, 
a strict aseptic technic must be observed when preparing the material 
for shipment. Sterile tubes with sterile stoppers are essential. 


d. Particular care also must be exerted in packing and shipping virus- 
containing materials because of the danger to handlers. 


413. Virus Isolation 
In general, viruses are considered too infectious to be handled by un- 


trained personnel in the laboratory. Not only is there the danger to the 
person doing the work but to others around him. For this reason, de- 
tailed virus technics are not discussed. 


a. To isolate a virus, infected material such as tissue, spinal fluid, or 
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blood is inoculated into various species of animals by one or more of 
several routes. Tissue is usually ground in a sterile mortar. When an 
abrasive is used for grinding, care must be taken to avoid the scattering | 
of particles with infected material. If the material is known or sus- 
pected to contain a highly virulent agent, masks should be worn and per- 
haps rubber gloves. To the ground material is slowly added enough 
diluent to make up a selected percentage by weight of infectious mate- 
rial (usually 10 percent). The diluent varies, although the one generally 
used consists of 10 percent normal serum (one assumed to be free of 
antibodies for the agent in question) in physiologic saline solution ; saline 
alone is unsatisfactory. The suspension is then centrifuged at 1,200 rpm. 
to throw down the coarser particles. 

b. The choice of animals and the route of inoculation depend entirely 
on the type of virus with which one is dealing. Animals may be injected 
intracerebrally, subcutaneously, intracutaneously, intravenously, intraperi- 
toneally, intranasally, intraocularly, etc. When the inoculated animals re- 
spond to the virus agent, organs or tissues are removed and passages of 
them are made. | 

c. In addition to animals, tissue cultures of various types may be inocu- 
lated. These consist of minced living tissue (usually from mouse or chick 
embryos) suspended in plasma clot, in serum-Tyrode solution, or in 
Tyrode solution alone. More recently the developing embryo of the hen’s 
egg has been found to be of great value in virus studies. The agent is 
injected into the yolk sac, onto the chorio-allantoic membrane, into the 
allantoic or amniotic sac, or into the embryo itself. 


d. By studying the responses of the several animals, chick embryos, or 
tissue cultures to the suspected virus, it is possible to determine the prob- 
able identity of the agent. This is then confirmed by comparing the 
immunologic relation between the agent in question and known strains of 
viruses. 


414. Serologic Tests 
Two basic types of test are available for serological studies: the neutral- 
ization test and the complement-fixation test. 


a. NEUTRALIZATION Test. For this test, known viruses that are capa- 
ble of infecting animals are required. By mixing the serum from the 
patient with such a virus and inoculating the mixture into susceptible ani- 
~ mals it can be demonstrated whether or not the serum contains specific 
neutralizing antibodies, as measured respectively by the survival or death 
of the majority of animals injected. If it can be shown that serum taken 
at the onset of the disease had no neutralizing antibodies to the particular 
virus, whereas specimens taken in convalescence contained them, it can 
be stated that the disease under consideration was caused by the virus in 
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question. This type of test, which is highly specific, requires a generous 
supply of animals and is somewhat time-consuming. 

b. COMPLEMENT-FIxaTION Test. This requires no animals, and can 
be quickly performed. As it is difficult, however, to prepare suitable anti- 
gens from certain viruses, and as the test is subject to technical errors, 
it is not so reliable as the neutralization test. In certain virus diseases, 
such as psittacosis, neutralizing antibodies have not been demonstrated, 
and serologic diagnosis is therefore restricted to the complement-fixation 
test. 


415. Filtration 


a. Although once an important technic, filtration is now less commonly 
used in virus study because other more reliable methods have been de- 
veloped for the estimation of particle size and even for the removal of 
bacteria from virus suspensions. In addition, many of the larger viruses 
are retained almost completely by filters. Filtration may be used, how- 
ever, to free suspensions of the smaller viruses from contaminating bac- 
teria. For this purpose, either the Berkefeld and Mandler filter, made of 
diatomaceous earth, or the Seitz EK asbestos filter is used (for the tech- 
nic of filtration see par. 31). The only special precautions needed are 
to be sure that enough material is passed through the filter so that the 
initial absorption does not take out too much of the virus. In general, 
it is wise to filter some serum-saline diluent before attempting the filtra- 
tion of virus-containing material. 

b. After the filtration of infectious material through the Berkefeld type 
of filter, it is necessary to sterilize the candle, before attempting to clean 
it, by immediately boiling it in a solution of sodium carbonate for ™%4 
hour. After boiling, a large volume of tap water should be passed in a 
reversed direction through the filter. 


416. Stained Smears 


Aside from the examination of stained tissue sections, considerable infor- 
mation regarding the nature of the agents under investigation can be 
obtained from the microscopical examination of stained impression 
(“touch”) smears of infected organs or tissue cultures. This is particu- 
larly true of rabies and of the so-called “elementary body” virus diseases, 
such as lymphgranuloma venereum and psittacosis. The Macchiavello 
stain should be used, the preparation and technic being given in the pre- 
ceding section. With this stain the elementary bodies appear as small 
red spherical forms against a blue background of tissue. 


Section Ill. COMMONER VIRUS DISEASES 
417. Rabies 


Rabies is the only virus disease usually diagnosed solely by the demon- 
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stration of inclusion bodies (the so-called “Negri bodies”) in smears or 
sections of the central nervous system of the infected animal. 

a. COLLECTION AND TRANSMISSION OF SPECIMENS FOR RaBiES ExAM- 
INATION. The entire body of a suspected rabid dog that has died or has 
been killed after showing signs of disease should be sent immediately to 
the laboratory, if nearby; or the head and several inches of the neck 
packed in ice should be sent. If the specimen is to be shipped through 
the mail to a distant laboratory, the brain should be removed and divided 
longitudinally into equal parts; one half should be placed in 10 percent 
formalin for sectioning and the other half in 50 percent buffered glycerol 
or pure neutral glycerol for touch preparations and for animal inocula- 
tions. For local examination, smears of fresh brain should be used, 
selecting portions of the hippocampus major (Ammon’s horn), fissure 
of Rolando, cerebral cortex, and cerebellum. 

b. EXAMINATION FoR NEGRI Bopiges. (1) Touch preparations stained 
by Seller’s method. Make a smear of the gray matter of the brain on a 
slide, or place a small piece of brain (Ammon’s horn), with the cut sur- 
face up, on the end of a cork stopper and make preparations by gently 
touching three or four times with a clean slide. 

(a) Seller’s stain. Just before use, mix 3 parts of a 15 percent solu- 
tion of methylene blue in methyl alcohol (solution A), with 1 part of 32 
percent solution of basic fuchsin in methyl alcohol (solution B) and 5 
parts of methyl alcohol and filter. This should stain chromatin blue, and 
the cytoplasm lavender-red. If a clear-cut differentiation of cytoplasm 
and chromatin is not obtained, additional amounts of either of the dye 
solutions are added until the desired effect is obtained. The stock solu- 
tions should be stored in the refrigerator. 

(b) Touch preparations are flooded with the mixed stain for approxi- 
mately 10 seconds, washed in water, dried, and examined. The Negri 
bodies appear as purplish-red, round or oval bodies containing dark gran- 
ules. The latter are difficult to see but are usually to be found. 

(2) ‘Tissue sections. Brain specimens are fixed overnight in Zenker’s 
fluid which contains 5 percent freshly added glacial acetic acid. In case 
the specimens are received already fixed in formalin, they may be washed 
and refixed in Zenker’s fluid as above. The tissues are now washed in 
water until no further color appears in the washing, then run through 
alcohols (80 percent, 95 percent), to acetone, to xylol plus paraffin in 
equal parts, and finally to paraffin. They are now sectioned, mounted, 
and dried in an oven at 55° C. for % hour. A satisfactory stain is the 
following : 

(a) William’s Modification of van Gieson’s stain. This stain is pre- 
pared by mixing 0.5 cc of a saturated alcoholic solution of basic fuchsin 
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with 10.0 cc of a saturated alcoholic solution of methylene blue in 30 cc 
of distilled water. This stain should be kept on ice. 

(6) Remove the paraffin from the mounted sections with two changes 
of xylol followed by 1 minute in 95 percent alcohol and 1 minute in 80 
percent alcohol. A 5 percent Lugol’s solution is next applied for 3 to 5 
minutes, followed by 1 percent sodium thiosulphate to remove the iodine 
color. The sections are then washed in water and flooded with the stain, 
which is heated to steaming for 3 to 5 minutes. It is then rewashed 
in water and decolorized in absolute alcohol followed by xylol. This 
must be controlled by microscopic examination. The sections may now 
be permanently mounted. With this stain the chromatin appears blue, 
the cytoplasm lavender-red, while the Negri bodies are a brighter red 
and of a more homogeneous staining appearance. 

(c) Animal inoculation. If touch prepartions are negative and per- 
sons or valuable animals have been bitten, brain material from the sus- 
pected dog should be inoculated into Swiss mice. The final diagnosis 
of rabies is made mainly on the demonstration of Negri bodies in the 
brains of the inoculated animals. 


418. Encephalitis (Eastern and Western Equine Encephalomye- 

litis, St. Louis, Japanese, and Russian Encephalitis) 
The diagnosis is established by the isolation of virus from the brains of 
fatal cases. In Japanese and Russian encephalitis the virus has also been 
. isolated from the blood and spinal fluid. The animals of choice are 
white mice and guinea pigs. Serologic tests (primarily neutralization 
but more recently complement-fixation) are necessary to make a specific 
diagnosis in nonfatal cases, 


419. Poliomyelitis 

Except for the Lansing strain of poliomyelitis, which has been adapted 
to white mice, the only susceptible laboratory animals are monkeys. 
Virus may be isolated from the brains and cords of fatal cases or from 
the stools of nonfatal cases. Satisfactory serologic tests are not available. 
Microscopic examination of the spinal cord is of great diagnostic aid. 


420. Lymphocytic Choriomeningitis 

The virus is found both in the blood and spinal fluid early in the disease. 
Mice and guinea pigs are susceptible. Both complement-fixing and neu- 
tralizing antibodies may be demonstrated; the former, however, do not 
appear until the second or third week of the disease and are somewhat 
transitory, whereas the latter usually do not appear until the sixth to 
eighth week. 
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421. Influenza 


The virus may be isolated by the intranasal inoculation of unfiltered nasal 
washings in ferrets or hamsters. From tissues of these animals, passages 
may be established by the intranasal route in mice, or the original animals 
may be tested serologically to see whether specific antibodies have been 
developed. Virus may also be isolated directly in the developing chick 
embryo. Serologic tests on serum from human cases consist of neutrali- 
zation, complement-fixation, and more recently, the red cell agglutina- 
tion-inhibition test (Hirst test). The latter test is based on the obser- 
vation that influenza virus causes the agglutination of the washed red 
blood corpuscles from hens (as well as other birds and many mammals) 
and that this phenomenon is inhibited by specific antibodies. Since 
standardized viruses requisite for these tests are not as yet routinely 
available, the detailed technic is not included here. In all these tests a - 
definite rise in antibody titer must be observed between the onset of the 
disease and convalescence. Tests on single specimens of serum are 
valueless. : 


422. Psittacosis 

The virus may be isolated from the sputum or lung tissue by the intra- 
peritoneal inoculation of mice. Frequently a few blind passages are 
necessary before the virus is established in these animals. The demon- 
stration of elementary bodies in impression smears of the spleen or 
lungs is valuable in identification. The virus is readily cultivated in 
developing chick embryos. Serologic tests are restricted to complement- 
fixation since neutralizing antibodies have not been demonstrated in 
human serum. Within the past few years other viruses have been iso- 
lated and described that are closely related in their morphology and 
serologic reactions to the virus of psittacosis. For the moment it is 
impossible to differentiate them with any degree of accuracy, and they 
must be considered as a group. 


423. Lymphogranuloma Venereum 

This virus is similar in morphology to that of the above group. Isolation 
is best accomplished by inoculating mice intracerebrally with material 
from buboes. The virus may then be cultivated in embryonated eggs. 
Serologically the virus is closely related to the psittacosis group so that 
no sharp differentiation can be made. The chief separation between the 
two, therefore, rests on the clinical manifestations. Aside from comple- 
ment-fixation tests, the diagnosis is aided by the Frei test, which con- 
sists of the intradermal injection, in suspected cases, of material contain- 
ing inactivated virus. 
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424. Yellow Fever 

In fatal cases the microscopic examination of a section of the liver is 
usually sufficient to make a positive diagnosis. In nonfatal cases, the 
diagnosis may be established, either by the isolation of the virus in mice 
from blood taken during the first few days of the disease, or by the 
demonstration of the appearance of neutralizing antibodies. during con- 
valescence. 


425. Less Common Diseases 

Other less common diseases, such as louping ill, Rift Valley fever, West 
Nile fever, etc., may be identified by virus isolation in mice or by the 
demonstration of specific antibodies. 


426. Potential Errors in Isolation of Virus 

During the last few years, several viruses have been isolated from un- 
inoculated control laboratory animals during attempts to isolate virus 
from human material. Because of this, special effort must be made to 
avoid attributing human infections to these latent infections of normal 
animals, such as encephalomyelitis of mice, meningo-pneumonitis and 
virus pneumonia of mice, and lymphocytic choriomeningitis of mice, 
dogs and monkeys. A knowledge of their characteristics is therefore 
necessary if mistakes are to be avoided. 
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CHAPTER 12 
SERODIAGNOSIS OF SYPHILIS 


427. General 

a. Two standard tests for syphilis (the Kahn flocculation test and the 
Kolmer complement fixation test) are herein outlined for the examina- 
tion of both serum and spinal fluid. For the determination of the titer 
of a known strongly positive serum, the quantitative Kahn test is recom- 
mended. 

b. The colloidal-gold test with spinal fluid is described. Although the 
shape of the curve is of no diagnostic significance, the number of tubes 
showing precipitation provides a rough measure of the globulin content 
of the fluid. 


428. Kolmer Complement Fixation Test With Serum and Spinal 
Fluid | 
a. GLASSWARE AND APPARATUS. (1) Pipettes. The following pipettes 
are recommended: 


1 cc, graduated in 0.01 cc (to tip) 
5 cc, graduated in 0.10 cc (to tip) 
10 cc, graduated in 0.10 ce (to tip) 

(2) Test tubes. For the routine simplified test, which has a total 
volume of 2.7 or 3.0 cc, test tubes measuring 10 by 1.3 cm (inside dia- 
meter) with rounded bottoms and no lips are employed. 

(3) Cylinders. Graduated (100 and 250 cc) cylinders are used for 
measuring amounts over 50 cc. 

(4) Test-tube racks. Galvanized wire racks carrying 12 rows of 6 
tubes each are employed. 

(5) Water bath. Any easily regulated water bath that can be used 
satisfactorily at 56° or 37° C. is suitable. 

(6) Refrigerator. Any refrigerator maintaining a temperature of 6° 
to 8° C. is satisfactory. 

b. Reacents. (1) Kolmer. saline solution. Dissolve 8.5 gm of dry, 
chemically pure sodium chloride and 0.1 gm magnesium sulfate in 1,000 
cc of freshly distilled water. If the salt has absorbed moisture it should 
be dried in the hot-air oven for 10 or 15 minutes before weighing. Filter 
solution through paper into a flask fitted with a gauze-covered cotton 
stopper. 

(2) Sheep corpuscles. (a) Blood may be obtained by bleeding a 
sheep from the external jugular vein. In a clean and preferably sterile 
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1-liter container, place 300 cc of a 10-percent solution of sterile sodium 
citrate (2 ce of formalin may be added as a bacteriostatic agent). Fill: 
three-quarters full with fresh blood, stopper, mix well with the citrate 
solution, and keep in a refrigerator. Alternatively, the sheep blood may 
be collected in a dry flask containing a handful of sterile glass beads, and 
defibrinated by shaking. Keep blood for 48 hours in the refrigerator 
before using. Sheep blood usually remains satisfactory for use over a 
period of 2 weeks, but as soon as the corpuscles become too fragile a 
fresh supply should be secured. The fragility can often be maintained 
for a longer period if an equal volume of 5 percent dextrose in saline 
solution is added to the fresh citrated or defibrinated blood. 

(6) Filter a small quantity of blood through a cotton-gauze filter into 
a graduated centrifuge tube. Add two or three volumes of saline solu- 
tion. Centrifuge at a moderate velocity until all the corpuscles are 
thrown down. 

(c) Remove the supernatant fluid with a capillary pipette or by suc- 
tion. Add three or four volumes of saline solution, mix by inverting, and 
centrifuge again for the same length of time. The cells should be washed 
until the supernatant fluid is almost colorless; three washings are usually 
sufficient. If more than four washings are necessary the cells are too 
fragile for use and should be discarded. In the final washing it is advis- 
able to centrifuge each day for the same length of time at the same speed. 
This final centrifugation should be for twice the length of time of the 
first two washings in order to pack the cells evenly and firmly. 

(3) Serums. Separate serum from clot and centrifuge until entirely 
free of cells. Inactivate in water bath (56° C.) for 30 minutes. 

(4) Spinal fluids. These are centrifuged before testing, but they do 
not contain enough complement to require inactivation by heating at 
56° C. Bloody fluids are unsatisfactory for testing since positive results 
may be due to the activity of the serum rather than that of the spinai 
fluid. Spinal fluids more than 3 days old, or contaminated with bacteria, 
may be heated at 56° C. for 15 minutes to destroy the thermolabile anti- 
complementary substances. 

(5) Egg albumin. (a) The addition of egg albumin in the spinal- 
fluid tests counteracts the anticomplementary effects of antigen observed 
with certain guinea-pig sera. However, the egg albumin may be omitted 
in laboratories in which the complement sera possessing this undesirable 
reactivity are eliminated by pretesting. The stock egg albumin is pre- 
pared as described in (b) below. 

(b) Break a fresh egg and separate the white from the yolk. Pick out 
heavy particles or filter through several layers of gauze. Measure and 
beat briefly before adding to an equal volume of Kolmer saline solution. 
In the tests this 50-percent solution may be used in 0.2-cc amounts. An 
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alternate method is to prepare a 10-percent solution in saline solution and 
to use this for diluting the complement (1 ce to carry 2 units). This 
10-percent solution of egg albumin may be prepared by diluting each 
10 ce of albumin with 90 cc of Kolmer saline solution, or by diluting 
20 cc of the 50-percent solution with 80 cc of Kolmer saline solution. 
Egg-white solutions should be made fresh for each day’s use and placed 
in the refrigerator until needed. 

(6) Other reagents. Antigen, hemolysin, and complement for use in 
this procedure will be obtained from the Army Medical School, Wash- 
ington, D. C. In certain emergencies complement may be prepared in the 
individual laboratory by pooling the clear fresh sera of at least three 
guinea pigs. Select large healthy animals that have not been fed for 12 
hours, and avoid pregnant animals. The serum may be preserved by 
adding 0.25 gm chemically pure sodium chloride per cubic centimeter of 
serum, which is then stored in the freezing compartment of a mechanical 
refrigerator. To prepare for use, dilute 1 cc with 29 cc of distilled water, 
giving a 1:30 solution in a 0.85-percent salt solution. The antigen and 
the antisheep amboceptor must be stored at refrigerator temperature. 

c. TITRATION OF HEMoLysin (AmBocEpTor). (1) It is advisable to 
repeat the hemolysin titration for each series of complement-fixation- 
tests. 


(2) Prepare a stock dilution of 1:100 hemolysin as follows: 


Phenol (3.-percent:in saline solution); ..45'0s 3. cs os seen cap eoeiee 4 cc 
ae “SOMIOR “oss.7 fs ks Os cies bs SS Lh OR ee eb LE RE CREE 94 cc 
Glycerinized hemolysin “(50 “‘percent) 5.5 .c ee vt ve Shea al ane 2c 


The phenol and saline solutions should be well mixed before the glyc- 
erinized hemolysin is added. This stock solution should be kept in the 
refrigerator. _ For titration, prepare a 1:1,000 solution (0.5 cc of stock 
1:100 dilution + 4.5 cc Kolmer saline solution). 

(3) In a series of 10 tubes, prepare higher dilutions as in table 
XXXIX. 


Table XX XIX. Preparing dilutions 


0.5 cc hemolysin (1:1,000) = 1:1,000 
0.5 cc hemolysin (1:1,000) + 0.5 cc Kolmer saline solution = 1:2,000 
0.5 cc hemolysin (1:1,000) + 1.0 cc Kolmer saline solution = 1:3,000 
0.5 cc hemolysin (1:1,000) + 1.5 cc Kolmer saline solution = 1:4,000 
0.5 cc hemolysin (1:1,000) + 2.0 cc Kolmer saline solution = 1:5,000 
0.5 cc hemolysin (1:3,000) + 0.5 cc Kolmer saline solution = 1:6,000 
0.5 cc hemolysin (1:4,000) + 0.5 cc Kolmer saline solution = 1:8,000 
0.5 cc hemolysin (1:5,000) + 0.5 cc Kolmer saline solution = 1:10,000 


0.5 cc hemolysin (1:6,000) + 0.5 cc Kolmer saline solution = 1:12,000 
0.5 cc hemolysin (1:8,000) + 0.5 cc Kolmer saline solution = 1:16,000 


Note. Mix the contents of each tube thoroughly. 
(4) Prepare a 1:30 dilution of complement for hemolysin and comple- 
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ment titration by diluting 0.2 cc of fresh complement serum with 5.8 cc 
of Kolmer saline solution (or 0.2 cc of salted serum with 5.8 cc of dis- 
tilled water). 

(5) Prepare a 2-percent suspension of sheep corpuscles. 

(6) In a series of 10 tubes set up the hemolysin titration as shown 


in table XL. 
Table XL. Hemolysin titrations 


Hemolysin (0.5 cc) a 2a solution Corpuscles 
aie OCR Mee ane nN 0.3 sey i 0.5 
1 E71 Saige ie ee os 0.3 17 0.5 
IES, wT) 2 aie fe gg er 0.3 Wy 0.5 
1S: 10) SSS aged ee oo ee ee 0.3 1.7 0.5 
re Cte ea 0.3 2 yy 0.5 
ONE ee ee oe a a 0.3 TZ 0.5 
Dey Cee rae Se ai leo Soe 0.3 ‘ 1:7 0.5 
LUC) C11) 26k Sst 9 a en 0.3 1.7 0.5 
| 9-1.) 5 LOR ak OS ee 0.3 1.7 0.5 


DEMERS oct SS ek 0.3 1.7 0.5 


(7) Mix the contents of each tube and place them in the water bath 
at 37° C. for 1 hour. Read the unit of hemolysin. The unit is the high- 
est dilution of hemolysin that gives complete hemolysis. Satisfactory 
hemolysin should give a unit of at least 0.5 cc or 1:4000 dilution. 

(8) Two units of hemolysin are used in the complement and antigen 
titrations and in the complement fixation tests. Hemolysin is so diluted 
that 0.5 cc contains 2 units. For example, if the unit is 0.5 cc of the 
1:6,000 dilution, two units equal 0.5 cc of the 1:3,000 dilution. Dilute 
just enough hemolysin for the complement titration and the complement- 
fixation tests. Keep hemolysin and corpuscles in suspension in the re- 
frigerator when not in use. 

(9) Table XLI shows how to prepare hemolysin dilutions so that 
0.5 ce carries 2 units: 

Table XLI. Hemolysin dilutions 
Prepare by diluting 1 cc of 


1 unit (0.5 cc) 2 units (0.5 cc) 1:100 dilution with following 
: amounts of Kolmer saline solution 


cc 
1:4,000 1:2,000 19 
1:5,000 1:2,500 24 
1:6,000 1:3,000 29 
1:8,000 1:4,000 39 
1:10,000 1:5,000 49 
1:12,000 1:6,000 57 
1:16,000 1:8,000 79 


688862°—46—29 
443 


(10) In practice the hemolysin titration may be placed in the water 
bath at the same time as the complement titration. At the end of the first 
incubation of the complement titration the unit of hemolysin is available 
and 2 units are added to all the tubes of the complement titration. 


d. TITRATION OF ComMPLEMENT. (1) For titration use the 1:30 dilu- 
tion of complement. Dilute the antigen so that the dose employed in the 
main tests is contained in 0.5 cc. (See e below.) The required amount 
of Kolmer saline solution is placed in a flask and antigen is added drop 
by drop, with shaking. Prepare enough antigen dilution for the com- 
plement-titration and the complement-fixation tests. 

(2) Ina series of 8 test tubes, set up the complement titration as fol- 
lows: 


Table XLII. Complement titrations 


_Kolmer. 
saline solution 


Antigen Hemolysin Corpuscles 
dilution (2 units) (2 percent) 


Complement 
(1:30) 


0.20 1.3 0.5 0.5 
0.25 1.3. 0.5.¢ 
0.30 1.2 Ss 0.5 Se 
0.35 1.2 28 0.5 38 
0.40 1.1 o- 0.5 4= 
0.45 11 88 0.5 85 
0.50 105 0.5 5 
None La) 0.5 


(3) The smallest amount of complement just giving complete hemol- 
ysis is the exact unit. The next larger quantity is the full unit, which 
contains 0.05 cc more complement. In conducting the antigen titration 
and complement-fixation tests, 2 full units are employed, contained in 
1 cc as illustrated below: 


Exact unit: 03 "ee 
Full unit: O35 sce 
Dose (2 full units) : 0,7..0¢ 


Dilution of complement containing 2 full 
: 30 
units in 1 cc—- = 1:43 


Table XLIII gives additional examples: 

(4) It is always advisable to dilute complement serum with cold saline 
solution instead of saline kept at room temperature. Complement serum, 
particularly when diluted, should always be kept in a refrigerator when 
not in use. 

(5) Occasionally hyperactive complement yields a unit of less than 
0.3 cc of a 1:30 dilution, but when this occurs it is necessary to take 
arbitrarily 0.3 cc as the exact unit since less complement is likely to be 
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Exact Full Two full | Dilution 


unit unit units to use Preparation 


ce cc cc 

0.30 0.35 0.7 1:43 | 1 cc complement serum+42 cc Kolmer saline 
solution ’ 

0.35 0.40 0.8 1:37 | 1 cc complement serum+36 cc Kolmer saline 

solution 

0.40 0.45 0.9 1:33 | 1 cc complement serum+32 cc Kolmer saline 
solution 

0.45 0.50 1.0 1:30 | 1 cc complement serum+29 cc Kolmer saline 


solution 


unsatisfactory. Similarly, if the exact unit is more than 0.45 cc, the com- 
plement is unsatisfactory and cannot be used. 


e. TITRATION OF ANTIGEN. It is not necessary to titrate for hemolytic 
and anticomplementary units. It is, however, necessary to titrate for 
antigenic activity, and the following method is recommended: 


(1) Prepare a 1:80 dilution of antigen by adding, drop by drop, with 
shaking between each, 0.1 cc of antigen to 7.9 cc of Kolmer saline solu- 
tion in a large test tube or small flask. Higher dilutions are then pre- 
pared as follows: 

4 cc (1:80) +4 cc Kolmer saline solution = 1:160 
4 cc (1:160) +4 cc Kolmer saline solution = 1:320 
4 cc (1:320) + 4 cc Kolmer saline solution = 1:640 
4 cc (1:640) +4 cc Kolmer saline solution = 1:1280 
4 cc (1:1280) + 4 cc Kolmer saline solution = 1 :2560 

(2) Arrange five rows of test tubes with six in each row. In the first 
tube of each row place 0.5 cc of antigen 1:80; in the second, 0.5 ce of 
1:160; in the third, 0.5 cc of 1:320; in the fourth, 0.5 cc of 1:640; and 
in the fifth, 0.5 cc of 1:1280; and in the sixth, 0.5 cc of 1:2560. 


(3) Heat 3 ce of a moderately to strongly positive syphilitic serum in 
a water bath at 56° C. for 15 to 20 minutes and prepare five dilutions as 
follows in large test tubes: | 
1.0 cc serum + 4.0.cc Kolmer saline = 1:5 (0.5 cc carries 1.1 cc serum) 
0.5 cc serum + 4.5 cc Kolmer saline = 1:10 (0.5 cc carries 0.05 cc serum) 
0.5 cc serum + 9.5 cc Kolmer saline = 1:20 (0.5 ce carries 0.025 cc serum) 
2.0 cc serum (1:20) + 2.0 cc Kolmer saline = 1:40 (0.5 ce carries 0.0125 cc serum) 
1.0 cc serum (1:20) + 4.0 cc Kolmer saline = 1:100 (0.5 cc carries 0.005 cc serum) 
(4) Add 0.5 ce of the 1:5 serum dilution to each of the six tubes of 
the first row; 0.5 cc of the 1:10 dilution to each tube of the second row; 
0.5 cc of the 1:20 dilution to each tube of the third row; 0.5 cc of the 
1:40 dilution to each tube of the fourth row; and 0.5 cc of the 1:100 
dilution to each tube of the fifth row. 


(5) Add 1 ce of complement dilution carrying 2 full units to all the 
tubes. 
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(6) Set up a serum control carrying 0.5 cc of 1:5 serum and 1 cc of 
“complement (2 full units); also, a hemolytic system control carrying 
1 cc of Kolmer saline solution and 1 cc of complement (2 full units). 
(7) Shake the tubes gently and place in refrigerator at 6° to 8° C. for 
- 15 to 18 hours, followed by water bath at 37° C. for 10 minutes. 

(8) Add.0.5 cc of hemolysin (2 units) and 0.5 cc of 2-percent suspen- 
sion of corpuscles to all tubes. 

(9) Mix thoroughly and place in a water bath at 37° C. for 1 hour; 
make readings. The serum and hemolytic system controls should show 
complete hemolysis. 

(10) Chart the results as per the following example observed with a 
strongly positive serum: 


: Antigen in 0.5 cc amounts 
Serum (cc) contained 


1:80 1:160 1:320 1:640 1:1280 1:2560 
GW er eee Hs Bat eee, pees Lei ce» 
LL OSIM RRP ORRE WES fa Sis + jt++4+]+t++4+) ++ + 
W280 28. Fee + )t+++ J+t++4+ |4+4+44 |++4++4+ + 
O05 seis aus oes +++ |++4++ ]t+4+44 Jt4+44 |444+4+[ ++ 
LE ase Roe +H+t+ [++4++ |+4+4+4 |t+4+4+4+ |44+4+4+] 44+ 


(11) The dilution of antigen to employ in the main test is the largest 
amount giving a ++-+-+ reaction with the smallest amount of serum. 
If two or more dilutions of antigen give +-+-+++ reactions with the 
smallest amount of serum, the dose to use should be midway between the 
highest and lowest. 

f. COMPLEMENT-FIxaTION TEsT FoR SERUM AND SprnAL Fiump. (1) 
For each serum arrange two test tubes and place 0.5 cc of Kolmer saline 
solution in No. 2 (control). Add 0.2 ce of inactivated serum to each 
tube. 


(2) For each spinal fluid arrange two test tubes and place 0.5 cc of 
Kolmer saline solution in No. 2 (control). Add 0.5 ce of spinal fluid 
to each tube. 

(3) Add 0.5 ce of diluted antigen, carrying the proper dose, to the 
first tubes and mix thoroughly. 

(4) Allow to stand at room temperature for 10 to 30 minutes. 

(5) Add 1 cc of complement (2 full units) to all tubes. In the case 
of spinal-fluid tests the complement should be diluted with a 10-percent 
solution of egg albumin in Kolmer saline solution (1 cc to carry 2 full 
units) instead of with plain saline solution. Alternatively, complement 
diluted with plain saline may be used, and 0.2 cc of 50 percent egg albu- 
min in saline solution is then added to all tubes, including the controls. 
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Table XLIV. Set up for the complement-fixation tests with serum and spinal fluid 


Comple- 


Tube Substance pag Antigen ment ae "| Corpuscles 
No. solution aE (2 units) (2%) 
Serum: ce cc ce cc ce 
1 Cor eGa st A Sa ee ae None 0.5 1.0 0.5 0.5 
2 OFees to er dee 0.5 | None 1.0 0.5 0.5 
Spinal fluid: 
1 1 ESTs Rte Sa nn Sere nee Dara as None 0.5 1.0 0.5 0.5 
y. Gee eae. ce ets 0.5 | None 1.0 0.5 0.5 
Controls: 
3 Witiret 5 oe 0.5 0.5 1.0 0.5 0.5 
+ Hemolytic system -_ _ -_-- 1.0} None 1.0 0.5 0.5 
5 Carnusciess = t 2 2.5 | None None None 0.5 


Read the degree of inhibition of hemolysis and record each tube as follows: 
— (complete hemolysis); -++ (25-percent inhibition, recorded as 1); +-+ (50-percent inhibition, recorded 
as 2); ++-++ 75-percent inhibition, recorded as 3); +-+++-+ (100-percent inhibition, recorded as 4). 
All serum, antigen, and hemolytic controls should show complete hemolysis. The corpuscle control 
should show no hemolysis. 


(6) Include the following controls with each series of tests: 

(a) Antigen control, containing 0.5 cc diluted antigen, 0.5 cc Kolmer 
saline solution, and 1 cc of complement (2 full units) containing egg 
albumin. 

(6) Hemolytic-system control, containing 1 cc of Kolmer saline solu- 
tion and 1 ce of diluted complement (2 full units). 

(c) Corpuscle control, containing 2.5 cc of Kolmer saline solution. 

(d) Controls of positive and negative serums are advisable. 

(7) Mix the contents of each tube by gentle shaking and place in the 
refrigerator at 6° to 8° C. for 15 to 18 hours. ; 

(8) Place the tubes in a water bath at 37° C. for 10 minutes (not 
longer ). 

(9) To all tubes, except the corpuscle control, add 0.5 cc of hemolysin 
(2 units), and to all tubes add 0.5 cc of 2-percent corpuscle suspension 
(well shaken). 

(10) Mix the contents of each tube by gentle but thorough shaking 
of the rack and place in a water bath at 37° C. for 10 minutes longer 
than the time required for the antigen and hemolytic system controls to 
clear. 

(11) Table XLIV shows the set-up for the complement-fixation test 
with serum and spinal fluid. 

(12) The reactions may be reported as: positive (+++-+, +-+4, 
or ++); doubtful (+ or +); and negative (—). If the serum con- 
trol, containing no antigen, shows no hemolysis, the serum is anticomple- 
mentary and should be reported as such. A second specimen should be 
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obtained in such cases. If the serum control shows partial hemolysis, 
and the test proper shows hemolysis to the same degree, the report may 
safely be made as negative. 

g. ANAtysis or DirFicuLties. (1) Due to complement. In the great 
majority of instances difficulties are due to the complement. Occasionally 
it is too low in hemolytic activity. Sometimes the complement is appar- 
ently satisfactory on titration but defective in the tests because it is super- 
sensitive to what may be termed the anticomplementary effects of anti- 
gen or serum (spinal fluid), and particularly in summation. For this 
reason it is recommended that egg albumin be used in all spinal fluid 
tests. Egg albumin, however, is not required in the tests on serum, 
although, as previously stated, it may be added to the antigen contrOl. 

(2) Due to hemolysin. This is usually the first reagent suspected, but 
least likely to be a cause of trouble, especially if it has been previously 
used with success. If the saline solution and complement are satisfac- 
tory, a good hemolysin rarely causes difficulty even after shipment over 
long distances. If no other source of trouble is found, verify titer of 
hemolysin, — 

(3) Due to corpuscles. When blood is obtained from an abattoir one 
sooner or later encounters specimens that have an increased resistance 
to serum hemolysis. Such blood must be discarded. 

(4) Due to antigen. This is rarely a cause of trouble if no mistakes 
have occurred in dilution and dosage. When the antigen control shows 
incomplete hemolysis it is usually due to some component of the hemo- 
lytic system, most likely the complement. | 

(5) Due to anticomplementary serums and spinal fluids. Serums and 
spinal fluids may be found to be anticomplementary, as shown by incom- 
plete or no hemolysis in the controls. After experience has been gained 
some of the partial reactions may be read with safety as doubtful or 
negative, but as a general rule it is safer and wiser to repeat the tests with 
fresh serum or spinal fluid. 

(6) Tests sometimes have to be repeated, and for this reason the un- 
used portions of all serums and spinal fluids should be routinely kept in 
a refrigerator until the tests are completed. 


429. Standard Kahn Test 

a. APPARATUS WiTH Serum. (1) Test tubes for performing test 
(with serum and spinal fluid) are 7.5 cm in length and 1 cm in inside 
diameter. 

(2) Vials (with straight wall and flat bottom) for preparing antigen 
suspension are 5.5 cm in length and 1.5 cm in inside diameter. 


(3) The pipettes are as follows: 
10 cc, graduated to 0.1 cc 
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1 cc, graduated to 0.01 cc 
0.25 cc, graduated to 0.0125 cc 
(antigen-suspension pipette) 
0.2 cc, graduated to 0.001 cc 
(4) The test-tube rack is made of suitable material (sheet copper, 
bakelite), 3 inches wide, 11% inches long and 234 inches high, and con- 
sists of 3 shelves, the upper and middle ones containing 3 rows of 10 
holes, each approximately %4 inch in diameter. The center row of holes 
is offset % inch. 
(5) Standard shaking apparatus has a speed of 275 to 285 oscillations 
per minute, with a stroke of 1% inches. 


(6) The water bath is adjusted to 56° C. 


(7) Centrifuge and centrifuge tubes are of standard type. 

b. Reacents. (1) Standard Kahn antigen. This reagent should be 
obtained from the Army Medical School, Washington, D. C., and should 
be kept at room temperature in the dark. The antigen bottle in daily use 
may be kept in a mailing container to avoid undue exposure to light. 

(2) Saline solution. This solution consists of 0.9 percent sodium chlo- 
ride in distilled water. The sodium chloride must be chemically pure, 
and the solution filtered before being used. 


(3) Serum. Separate serum from the clot by centrifugation. Care 
must be exercised to insure complete removal of blood cells. The serum, 
after it has been heated for % hour at 56° C., is examined for the pres- 
ence of particles. If present, the serum is cleared by recentrifugation. 

(4) Spinal fluids. Spinal fluid is centrifuged to render it free from 
cells and foreign particles. 

c. STANDARD Test WitH SERuM. (1) Preparation of standard anti- 
gen suspension. (a) This suspension is prepared when the serums are 
taken from the 56° C. water bath. Antigen is mixed with salt solution 
according to the required titer. Thus, if the titer is 1 cc antigen plus 
1.2 cc physiologic salt solution, the antigen is mixed as follows: 1.2 cc 
salt solution is measured into a chemically clean and dry standard antigen 
suspension vial; 1 cc antigen is measured (with a chemically clean and 
dry pipette) into a similar vial; the salt solution is poured into the anti- 
gen, and as rapidly as possible (without waiting to drain the vial) the 
mixture is poured back and forth six times to insure thorough mixing. 
The antigen suspension is allowed to stand for 10 minutes before using. 
The suspension must be used within 30 minutes from the time of mixing. 
An old antigen suspension is not to be mixed with a newly prepared sus- 
pension. 


(b) More than 1 cc of antigen may be mixed with a proportionately 
larger amount of salt solution. Thus, in case of an antigen with the above 
titer, 2 cc may be mixed with 2.4 cc salt solution, and 2.5 cc with 3.0 cc 
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salt solution. Do not use amounts of antigen less than 1 cc or more than 
2.5 cc for the preparation of an antigen suspension. 

(2) Measuring antigen suspension. After standing 10 minutes the 
antigen suspension is shaken well, and distributed into three tubes for 
each serum test, in amounts of 0.0500, 0.0250, 0.0125 cc delivered to the 
bottom of the tubes. The standard rack capacity is 30 tubes ; the 0.0500-cc 
amounts are measured into the tubes of the first row, the 0.0250-cc 
amounts into the tubes of the second row, and the 0.0125-cc amounts into 
the tubes of the third row. 

(3) Measuring serum. The serum is added as soon as possible after 
the antigen suspension has been pipetted, to avoid undue evaporation of 
the suspension. When examining large numbers of serums, it is well for 
one worker to measure the antigen suspension and for another to follow 
with the serum. Each serum, in 0.15-cc amounts, is added to the 0.0500-cc, 
0.0250-cc, and 0.0125-cc amounts of antigen suspension, and the rack of 
tubes is shaken vigorously for 10 seconds to insure thorough mixing of 
the ingredients. The serum-antigen mixtures should stand for about 5 
to 7 minutes (preferably not less than 3 minutes and not more than 10 
minutes) at room temperature before mechanically shaking for 3 minutes. 

(4) Controls. Three separate control tests should be set up—one with 
a positive serum, one with a negative serum and one employing salt solu- 
tion instead of serum. The antigen suspension for these controls should 
be pipetted immediately before pipetting the antigen suspension for the 
tests; and the serum of these controls should be added immediately before 
the serums for the tests. 


(5) Shaking. All tubes are shaken in the standard shaking machine 
for 3 minutes. 

(6) Addition of salt solution. After the 3-minute shaking period, 
1.0 ce of salt solution is added to each tube of the first row of the rack 
(containing the 0.05-cc amounts of antigen suspension) and 0.5 cc of 
salt solution to the remaining tubes. The rack is shaken by hand suf- 
ficiently to mix the contents. 


(7) Reading of tests. (a) In reading the Kahn flocculation test (as 
in reading the agglutination tests), proper training, experience, and light- 
ing arrangements are necessary. Beginners should read as many tests 
as are available in comparison with an experienced reader. Until they can 
read correctly and with ease, they should not assume the responsibility 
of reading and reporting results to physicians. : 


(b) Uniformity in the reading of results will be greatly aided if ali 
Kahn tests are read with the aid of the concave surface of a microscope 
mirror and a constant source of light (microscope lamp). The two- to 
three-fold magnification obtained by holding the tube 2 to 3 inches above 
the mirror makes it easier to see the floccules of a positive test, and is 
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low enough to avoid the visualization of nonspecific particles which may 
be present in some negative tests. 

(8) Interpretation of results. The reactions obtained with the Kahn 
flocculation test are first read on a plus-sign basis depending upon the 
size and visibility of the particles. In the +-+-+-+ reactions the defi- 
nitely visible particles are suspended in a transparent or opalescent me- 
dium. The +-+- reactions are also definitely visible but are less clear- 
cut than the four-plus reactions. In the +-+ reactions the particles are 
still finer and appear to be suspended in a somewhat turbid medium, 
while in the + reactions these particles are still finer. The + reactions 
show extremely fine particles just within the visible range. In the nega- 
tive reactions the medium is transparent and opalescent and free from 
visible particles. In reporting these results to the physician the follow- 
ing scheme for interpretation is used in the Division of Serology, Army 
Medical School, Army Medical Center, Washington, D. C. This inter- 
pretation is based on two readings of the Kahn test. The first reading 
is made immediately after the addition of salt solution, and the second, 
15 minutes later, the racks remaining at room temperature during the 
interval, The final interpretation is based on the total number of pluses 
(+) resulting from both readings, the plus-minus (+) reactions being 
disregarded, as follows: 


0 to 3 pluses, inclusive = Negative 
(for example: —, +, ++ and +, +, +,=Negative) 
4 to 12 pluses, inclusive = Doubtful 
13 to 24 pluses, inclusive = Positive 


(9) Final report. The final report to the clinician should be reported 
as negative, doubtful, or positive, according to the above scheme. The 
actual tube readings and interpretation should also be recorded for all 
evaluation studies. 

(10) Supplementary tests. (a) An atypical type of reaction is met 
with occasionally in which precipitation is marked in the first tube and 
weak or negative in the second and third tubes. In this instance, the 
serum generally is so rich in antibody that it requires a relative excess 
of antigen suspension to give maximum precipitation. When a reaction 
of this type is encountered, it is necessary to set up a supplementary test 
in which the amount of antigen suspension in relation to serum is in- 
creased beyond that employed in the standard test. A supplementary test 
is set up in which 2:1 and 1:1 proportions of serum to antigen suspension 


are used, thus: 
Tube 1 Tube 2 


Antigen suspension (cc)........ EANSOES ICC ee baeate 0.025 0.025 

MMMM NOE al ON ee 5 weasa aie ky plese He Es eon Pee 0.025 0.050 
Shake for 3 minutes and add. 

BUNA SCO cseliicea x ox od an Cmdedses ce she ve 0.300 0.300 
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These two tubes, or at least tube 2 should show definite flocculation if 
the serum is strongly positive. 

(b) As an additional check on serums giving precipitation reactions in 
the first tube of the standard test and negative reactions in the remaining 
two tubes, a second supplementary test is made by setting up a partial 
quantitative test. Thus, the serum is diluted 1:5, 1:10, and 1:20 with salt 
solution and each dilution is tested with antigen suspension in a propor- 
tion of 15:1, in accordance with the following outline: 

Tube 1 Tube 2 Tube 3 
Antigen Suspension (GE) gievics.5 9654.6 dawns a 0.01 0.01 0.01 
Dili Ser 0S) eau he ohe pass ees ES 0.15 0.15 0.15 
(125) (1:10) (1:20) 
Shake for 3 minutes and add: 
Salé Solution Aee)y didicsiteritiocad. Detidt wi 0.50 0.50 0.50 


If one or more tubes show definite flocculation, the serum can be consid- 
ered positive. 

(c) If these supplementary examinations do not show positive reac- 
tions, then the three-tube test that showed marked precipitation in the 
first tube and negative precipitation in the remaining two tubes must be 
considered as giving a weak or doubtful reaction. 

(d) Rarely one finds that the three-tube test shows a borderline pre- 
cipitate in each of the three tubes, for example: +, +, +, and +, +, -++, 
or ++, ++, ++. After ascertaining that these borderline reactions 
are not due to serum particles, the two supplementary tests described 
above are carried out. If these two tests show definite flocculation, the 
tests are reported as “positive.” If the supplementary tests are also bor- 
derline or questionable, the reaction may be nonspecific, due to conditions 
other than syphilis. 


430. Standard Kahn Test With Spinal Fluid 

In this test, the spinal-fluid globulins are precipitated by half saturation 
with ammonium sulfate, and redissolved in an amount of physiologic salt 
solution equivalent to one-tenth of the original spinal-fluid volume. The 
concentrated globulin solution thus obtained is then tested with standard 
antigen suspension. 

a. PREPARATION OF CONCENTRATED GLOBULIN SoLuTIoN. (1) Re- 
agents. The reagents needed for the preparation of concentrated globulin 
solution are spinal fluid, a saturated solution of ammonium sulfate, ACS 
and physiologic salt solution. 

(2) Procedure. (a) The spinal fluid is centrifuged to free it of cells 
and foreign particles. 

(b) One and a half cubic centimeters of the clear fluid is added to a 
standard Kahn test tube (7.5 by 1 cm). 

(c) To the same tube is added 1.5 cc of a saturated solution of am- 
monium sulfate. 
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(d) The fluids are mixed by covering the mouth of the tube with the 
thumb (protected with rubber) and shaking back and forth vigorously. 
The mixture is placed in a water bath at 56° C. for 15 minutes to hasten 
the precipitation of the globulins. 

(e) The mixture is centrifuged at high speed (about 2,000 rpm) for 
15 minutes to throw down the precipitated globulins completely. 


(f) The supernatant fluid is removed as completely as possible with a 
finely drawn capillary pipette. An alternative method for removing the 
supernatant fluid is to pour off the fluid and invert the tube in a standard 
rack over clean filter paper, allowing the moisture that adheres to the 
tube to drain and be absorbed by the paper for a period of 10 minutes. 
This draining period is not necessary if the inside of the tube is wiped 
dry by means of filter paper. The filter paper is first wound around a 
glass rod or pencil and is then inserted into the tube—without touching 
the precipitate. Fresh filter paper is employed for wiping each tube. 

(g) Salt solution to the amount of 0.15 cc is added to the precipitate, 
which is redissolved readily by gentle shaking. In adding this salt solu- 
tion, the point of the pipette is held close to the bottom of the tube to 
avoid washing down traces of ammonium sulfate that may adhere to the 
inner wall. 

(h) This globulin solution is examined for clarity and freedom from 
particles and is then ready to be tested with antigen suspension. 

b. PREPARATION OF ANTIGEN SUSPENSION. Salt solution is mixed with 
antigen in the same manner as for the standard test with serum, but 
according to the titer required for spinal fluid. The antigen suspension 
is allowed to stand 10 minutes and must be used in the test within the 
next 20 minutes. 

c. MEAsuRING ANTIGEN SUSPENSION. With a 0.2-cc pipette gradu- 
ated to 0.01 cc, 0.0t cc of antigen suspension is placed in the bottom of 
a standard Kahn test tube. 

d. MreasurING CONCENTRATED GLoBULIN SoLuTIon. With another. 
0.2-cc pipette, 0.15 cc of the concentrated globulin solution is added to 
the antigen suspension. The tubes are shaken vigorously for 10 seconds 
to mix the ingredients. 

e. CONTROLS. Positive and negative spinal-fluid controls are in- 
cluded. | : 

f. SHaxtnc. After mixing the concentrated fluid with the antigen 
suspension, the tubes are shaken at the standard speed for 4 minutes. 

g. ADDITION OF SALT SoLution. 0.5 cc of physiologic salt solution is 
added to each tube. 

h. Reapinc Resutts. ++-+-+, -+--++-+, and ++ reactions are re- 


ported as “‘positive”’ ; +- reactions are reported as “doubtful,” and + and 
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— reactions are reported “negative.’’ If the spinal fluid contains blood, 
it should be so noted on the report. 

i. CHECK Examinations. Each spinal-fluid test should be performed 
in duplicate. Hence, the amount of spinal fluid required for a test is a 


little over 3 cc. 


431. Quantitative Kahn Test With Serum 

To be done only on serums giving +-+-+- reactions in all three tubes 
of the standard Kahn test and with serums giving atypical reactions. (See 
par. 429c(10).) 

a, DILUTION OF PosiTIvVE SERUM WITH 2.5 PERCENT SALT SOLUTION, 
A series of serum dilutions with 2.5 percent salt solution is prepared so 
that the ratio of the volume of diluted serum to the volume of serum be- 
fore dilution ranges from 2.5 (1 part serum plus 1.5 parts salt solution) 
to 80 (1 part serum plus 79 parts salt solution). The following scheme 
is employed: 


2.5 percent 


Dilution No. Dilution ratio ealk aolation Serum 
1 152.5 0.6 cc | plus 0.4 cc undiluted serum 
2 1:5 06.5 cc | plus 0.5 cc dilution No. 1 
3 1:10 0.5 cc | plus 0.5 cc dilution No. 2 
4 1:20 0.5 cc | plus 0.5 cc dilution No. 3 
5 1:40 0.5 cc | plus 0.5 cc dilution No. 4 
6 1:80 0.5 cc | plus 0.5 cc dilution No. 5 


b. PERFORMANCE OF Test. The test is performed using a 6:1 ratio of 
serum and antigen emulsion (0.025 cc of antigen emulsion and 0.15 cc 
of serum). The serum dilutions being available, the antigen suspension 
is prepared in the usual manner, using 0.9 percent salt solution. After 
10 minutes’ standing the antigen suspension is pipetted in 0.025 cc amount 
into each of seven standard test tubes, depositing the suspension at the 
bottom of the tubes. To the tubes containing antigen suspension, add, 
with an appropriate pipette, 0.15 cc amounts of the undiluted serum, and 
the six serum dilutions in order, beginning with the highest dilution 
No. 6. The racks are shaken for 3 minutes in the usual manner, 0.5 cc 
of 2.5 percent saline is added to each tube, and the results are read. 

c. REApING oF Resutts. The principles in the reading of quantitative 
results are the same as those in reading the results of the standard Kahn 
test. It should be emphasized that the tests tend to become cloudy on 
standing. This is true even when they stand for relatively short periods, 
such as 5 to 10 minutes. For this reason the tests should be read without 
delay after the addition of 0.5 cc amounts of 2.5-percent salt solu- 
tion. Apparently it is this concentration of salt solution that causes the 
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clouding. Slight shaking for 2 or 3 seconds disperses the cloudiness and 
renders the tests clear again. 

d, DETERMINATION OF Kaun Units. The titer of any serum that is 
positive on dilution is determined according to the formula S = 4D, 
where S is the serum titer in terms of Kahn units and D is the highest 
dilution ratio giving a four plus (+-++-++-++), three plus (+-+-+), or two 
plus (+--+) reaction. One plus (--) and plus-minus (+) reactions are 
considered negative. Thus, if the 1:5 serum dilution is ++-+-+,-++4, 
or ++, and the 1:10 and higher dilutions less than +++, the serum con- 
tains 20 Kahn units. If the 1:10 serum dilution is +-+-+-+, ++-+, or 
+--+, and the 1:20 and higher dilutions less than +-+, the serum con- 
tains 40 units, etc. 

e. ReportinGc Resutts. Results are reported “4 Kahn units,” “40 
Kahn units,” etc., as the case may be. 

f. Hicuty Potent Serums. If a serum gives a positive precipita- 
tion reaction with a dilution ratio of 80, still higher dilutions of serum 
are tested with antigen suspension until a positive reaction is no longer 
obtained. Higher dilutions are readily prepared from 1:80 dilution No. 6, 
an excess of which was prepared. 


432. Quantitative Kahn Test With Spinal Fluid 


a. Centrifuge spinal fluid until free of cells. 
b. Pipette 3 cc of clear spinal fluid into a centrifuge tube. 
c. Add 3 cc of saturated ammonium sulfate solution. 


d. Incubate, centrifuge and drain the globulin and dilute the antigen, 
as in the standard spinal-fluid Kahn procedure. 

e. Add 0.3 ce of salt solution and dissolve the globulin. This solution 
may require centrifugation to free it from undissolved particles. 


f. While the antigen is aging, dilutions are made of the globulin solu- 
tion as follows, using five tubes: 


Dilution of 
Tube No. concentrated Amounts used 
globulin 


1:1. | Undiluted globulin solution 

£55 0.6 cc salt solution+0.15 cc of No. 1 
1:10 | 0.4 cc salt solution+0.4 cc of No. 2 
1:20 | 0.2 cc salt solution+0.2 cc of No. 3 
1:40 | 0.2 cc salt solution+0.2 cc of No. 4 


ar Wd 


g. This is a five-tube test. Place five Kahn tubes in the rack in a row. 


h. Pipette antigen that has stood for 10 minutes into Kahn tubes, 0.01 
cc into the bottom of each tube. 


455 


i. Pipette 0.15 cc of dilutions of each globulin solution into tubes con- 
taining the antigen beginning with the last tube. 

j. Shake 4 minutes at standard speed, then add 0.5 cc of salt solution. 

rk. +4+++, ++-++ and +-+ reactions are reported as positive. Re- 
sults may be reported in Kahn units by multiplying the greatest dilution 
giving a +-++-+-+ reaction by 4. A fluid giving a ++ +4 reaction in 
the 1:10 dilution is reported as having 40 units. 


433. Colloidal Gold Test With Spinal Fluid 

a. Reacents. (1) Distilled water. Triple distilled water, last two 
distillations from stills constructed entirely of glass. 

(2) Gold chloride. To make a 1 percent solution, dissolve 1.0 gm 
(15 grains) of U.S.P. gold chloride (AuCl,-HCl-4H,O: molecular 
weight 394.08) in 100 cc of distilled water. The gold chloride is sup- 
plied in 15-grain ampoules. 

(3) Potassium oxalate. To make a solution equivalent to 1 percent 
of the anhydrous salt, dissolve 2.77 gm of reagent grade potassium 
oxalate (K,C,0O,-H,O) in 250 cc of distilled water; this solution must 
be freshly prepared. 

(4) Potassium hydroxide. To make a 0.02 N solution, dissolve 2.240 
gm of potassium hydroxide (reagent grade) in sufficient distilled water to 
make 2 liters of solution. 

(5) Hydrochloric acid. To make a 0.02 N solution, dilute 1.7 cc of 
36-percent hydrochloric acid (specific gravity 1.18) to 1 liter with dis- 
tilled water. 

(6) Sodium chloride solution. To make a 0.4-percent sodium chloride 
solution, dissolve 4 gm of sodium chloride ACS in sufficient distilled 
water to make 1 liter of solution. 

(7) Stock globulin solution. 10 gm of jack bean meal extracted with 
40 cc of 1.0-percent sodium chloride solution for 30 minutes. Shake at 
frequent intervals. This mixture is then passed through a Seitz filter 
containing a previously washed No. 1 serum pad. Centrifuge at high 
speed for 15 minutes. Add equal amount of glycerin chemically pure and 
neutral to the clear filtrate. This is considered a stock solution and will 
retain its reactivity during a period of 9 months when stored at refrigerator 
temperature. It is required only when no known strongly positive spinal 
fluid is available, and it may be obtained from the Army Medical Center, 
Washington, D. C. 

- 6, PRELIMINARY TITRATION. (1) Nine test tubes are numbered con- 
secutively with a diamond pencil. 

(2) In the bottoms of these tubes deliver, with a pipette, increasing 
amounts of 0,02 N potassium hydroxide, as follows: 
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Tube No. : Amount (cc) 


| ES Sis Sele Dye SORE rea] VERS OSS ee WS ae Urey aes ton Tg None 
PRES ROE EE RIGS LO EIEE ol Panes MISTES, ORERESNE NRE Spas 0.15 
Sy ge wee Laks Bi Se ig Si 0.20 
£ Se SUN Gk i Nias eR 06 ees aS Say a le 0.25 
PRES Debeecen AGATE GEN Dawe Ap wees canton shes, SC OTC TORE ey 0.30 
ceed tee er te eM spe tes seh ree a rey Saris) te sey ed 0.35 
ee EO eee Neat” SN rem me a ae lt ahs Pe tit 0.40 
ee ene tee ei e headin ane kore UN ac Yr a NS 0.45 
De ec Ai oe SESS ON a eh lich Ne ee ma a 0.50 


(3) Place in a small flask 50 ce of distilled water and 0.5 ce each of 
1-percent solutions of potassium oxalate and gold chloride. 

(4) Mix the contents of the flask and add 5.0 cc of the mixture to each 
of the nine numbered tubes. 

(5) Immediately immerse the tubes in a beaker containing sufficient 
water (at room temperature) to just cover the level of the fluid in the 
tubes. Place the beaker, protected by wire gauze, over a Bunsen burner, 
bring the water rapidly to the boiling point and boil for 2 minutes. With- 
draw the tubes and place them numerically in a rack, allowing them to 
cool before reading. 

(6) Only one tube in the series represents the correct amount of potas- 
sium hydroxide to use in the preparation of the stock gold solution. It 
is the lowest tube in the series to give a bright red solution which, when 
viewed by reflected light, shows just the faintest sheen. It is usually 
No. 3, 4 or 5. Multiplication by 200 gives the correct amount of 0.02 N 
potassium hydroxide to be added to 1,000 cc of the stock gold solution. 

c. PREPARATION OF Stock Gotp SotuTion. (1) Place 1,000 cc of 
distilled water in a 3-liter Erlenmeyer flask, add 10 cc of 1.0-percent 
potassium oxalate solution, 10 ce of 1.0-percent gold chloride solution, 
and the amount of 0.02 N potassium hydroxide determined in the pre- 
liminary titration (usually between 40 and 50 cc). 

(2) Bring to the boiling point rapidly, without shaking. The solution 
goes through various color changes—colorless to pale blue, blue, purple, 
and finally a deep dark red. Just after the boiling point is reached, there 
is a sudden lightening of the solution, which then becomes bright red. 
This change is an absolute essential for a satisfactory preparation. No 
color changes follow this; however, the solution is allowed to boil an- 
other 2 minutes. This stock solution 1s perfectly stable. Eight or ten 
individual lots are prepared, pooled, and kept in a Pyrex container. After 
the various lots are pooled and well mixed and have stood at least 48 
hours, the stock solution is ready for final titration. 

d. FINAL TITRATION OF THE STOCK GoLp SotuTion. (1) The stock 
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solution is alkaline and it is necessary to determine the amount of hydro- 
chloric acid to add before use. Six series of ten tubes each are set up 
exactly as for the routine tests on spinal fluid. 

(2) A 0.4-percent solution of sodium chloride is added to all cies 
0.9 cc in the first tube and 0.5 cc to afl others. Using a positive spinal 
fluid, the correct curve for which is known, add 0.1 cc spinal fluid to each 
of the first tubes, 0.5 cc of that mixture to the second tubes, 0.5 cc of 
that mixture to the third tubes, etc. 

(3) Six 30-ce portions of the stock gold solution are placed in a row 
of 50-ce flasks and numbered. These are acidified with 0.02 N hydro- 
chloric acid, as follows: 


Flask No. 0.02 N HCL (cc) 
I Se ae ge ne Re tin Nd aay Din gy as Ee aA ae I tip Canes eae 0.30 
IBMT ROS E> OLESEN 5) 4 GN DAUR MEINE NE ty Oe SENDS Cer ee iy arg Ruan UE Ce Lr 0.35 
Geeks. Ptah 2 LSet ae Pee al Us ae eee Le gee Daten ee eres 0.40 
2 SWE SO Seed oy nel ing oe alte any ee Re MO AP Re nine a ap tee eee geen ee 0.45 
ese eae oa Behe ae eee Raiiera DA oe ca ental ye by ea ln I 0.50 
Cae aa Mace Se ete Rea i a og aR hin tia Pallet oa lle yuck met ap 0.55 


(4) Each of these acidified mixtures is added in 2.5 cc amounts to 
one series of the above spinal fluid dilutions; the tubes are shaken and 
allowed to stand at room temperature, in the dark, for 18 to 24 hours. 
The results are then read. Various degrees of reaction will be noted in 
the different series. That amount of 0.02 N hydrochloric acid that gives 
precipitation in the proper zone and in the proper number of tubes with 
the particular spinal fluid or diluted globulin solution used is the amount 
to be added to the stock gold solution just before use. A known negative 
spinal fluid should be tested with gold solution acidified with this amount 
of acid to make sure that it gives a negative result. The stock gold solu- 
tion is then labeled with the result of the titration. The acidified gold 
sclution is not stable. 

(5) The following method is used to prepare a 1:60 dilution of glob- 
ulin solution when no known strongly positive spinal fluid is available. 
The globulin solution is removed from the stock bottle with a 0.1 cc pipette 
and diluted with 5.9 cc of 0.4 percent sodium chloride solution. The re- 
quired amount is drawn up into the pipette and, after wiping the outside to 
remove the excess globulin solution, is blown into the measured volume of 
0.4-percent sodium chloride. The pipette should be thoroughly rinsed to 
remove all the globulin solution by drawing saline into the pipette at least 
10 times. The solution is mixed well and then employed in the same manner 
as spinal fluid, It is important that no variation be made in the above tech- 
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nic, since greater or lesser amounts of globulin solution will change the 
appearance of the zone | type curve. 
e. Test Procepure. Use 10 chemically clean resistant-glass test tubes 
(approximately 15 millimeter outside diameter) for each spinal fluid. 
(1) Place 0.9 ce of freshly prepared 0.4-percent sodium chloride solu- _ 
tion in the first tube and 0.5 cc in each of the other nine tubes. 


(2) To the first tube add 0.1 cc of the spinal fluid to be tested and mix 
thoroughly. 


(3) Remove 0.5 cc of the mixture from the first tube and place in the 
second tube, mixing thoroughly as before. 


(4) Remove 0.5 cc from the second tube and place in the third tube, 
continuing these transfers until the tenth tube is reached, from which 
0.5 ce is discarded. 


(5) Add to each tube 2.5 ce of freshly acidified colloidal gold solution. 


(6) Mix contents of tubes and allow to remain at room temperature, 
in the dark, for 18 to 24 hours. 


(7) Previously tested spinal fluids that give negative and zone 1 
curves should be included with each group of specimens tested. If a sat- | 
isfactory zone 1 spinal fluid is not available, a standardized globulin solu- 
tion may be used. 


(8) One control tube containing 0.5 cc of 0.4-percent sodium chloride 
solution and 2.5 cc colloidal gold solution should also be included in each 
series of tests. 


f. Reapine or Resutts. (1) Color changes occurring in each tube 
are recorded numerically in accordance with the following. The tube 
containing only salt solution and colloidal gold served as a negative con- 
trol: 

Number Color change 
0 Unchanged, as compared with the control 
1 Reddish purple 
2 Purple 
3 Blue 
4 Light pink or blue (almost decolorized) 
5 Clear (completely decolorized) 

(2) The following readings are representative of the four common 

types of colloidal gold reactions: 


= fone te 5S SAS) Aa F048 
Ba Sd ote ee dn OOO 

Lote 2. On A 2 ete 0 05050 
Ot pane ie ot 8-6 0 

Zone: 330 00a? oe 4 210 
As 3 Sie Gi As May: "aoe rs Me 

Negative: 0°00 000 0 0 0 0 
it eo 8-0 -U.. 8: 0 6:0 


688862°—46—30 
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(3) The shape of the curve is of no diagnostic significance. The last 
tube showing a definite color change is a rough measure of the globulin 
content of the fluid. 

Note. Spinal fluids containing blood or gross bacterial contamination cannot be 
expected to yield the same type of colloidal gold reaction that would be obtained 
if these contaminating substances were not present. Relatively small amounts of 
blood may contribute enough serum to reduce or eliminate a zone 1 or 2 colloidal 
gold curve. 

The effect of gross bacterial contamination of spinal fluid on the colloidal gold 
reaction is unpredictable; for this reason such fluids should be considered unsatis- 
factory for this test. 
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CHAPTER 13 
PROTOZOOLOGICAL METHODS 


Section 1. PROTOZOA 
434. General 


a. The protozoa are single-celled animals of microscopic size. They 
are important because some species of protozoa inhabit various parts of 
the human body and cause disease. Amebic dysentery, malaria, and Afri- 
can sleeping sickness are three diseases caused by protozoa. 

b. The protozoa are larger than bacteria and their internal structure is 
more easily observed. This structure is usually diagnostic of the species. 
Many parasitic protozoa can be grown quite readily, and others with dif- 
ficulty on artificial media, whereas still others cannot yet be thus culti- 
vated. 

c. Although protozoal diseases are widespread in tropical countries, 
some occur also frequently in temperate zones. They are of importance 
because of their epidemic tendencies and because of the fact that a large 
number of military personnel may have served, or are now serving, in 
areas where they are common. Many men may develop chronic or 
asymptomatic infections, and cases of disease and, acting as carriers, serve 
to infect others, 


Section Il. INTESTINAL PROTOZOA 
435. General 


a. AMEBAE. Included among the protozoal parasites of man are the 
amebae, which move about by pseudopodia (false feet). Of the species 
inhabiting the intestinal tract of man, only one, Endamoeba histolytica, is 
pathogenic. Although amebic dysentery (due to E. histolytica) is of 
more common occurrence in tropical and subtropical regions, it has at 
times reached epidemic proportions in temperate climates. It is estimated 
that in the United States alone 6,750,000 to 13,500,000 persons are car- 
riers of this parasite, an incidence of 5 to 10 percent. Accurate diagnosis 
of E. histolytica is absolutely essential. An erroneous diagnosis, based 
on the finding of one of the harmless ameba, subjects the patient to need- 
less treatment. The intestinal ameba most commonly confusd with E. 
histolytica is E. coli. Table XLV and figure 31 will enable the labora- 
tory worker to differentiate these and several other species of amebae. 
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Figure 31. Cysts of intestinal protozoa of man stained with iodine. 
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(Note. 1-9, Endamoeba histolytica: 1 and 5, uninucleate cyst with diffusely stained 
glycogen vacuole; 2 uninucleate cyst with chromatoid bar; 3, 6, 7, and 9, binucleate 
cysts (6, with diffuse glycogen, and 9, with chromatoid bar); 4 and 8, quadrinu- 
cleate cysts. 10-13, Endolimax nana: 10, quadrinucleate cyst; 11 and 12, binucleate 
cyst, (11, with stained glycogen mass); 13, Uninucleate state. 14-19, Endamoeba 
coli: 14, quadrinucleate stage; 15 and 16, binucleate stage (15, with deeply stained 
glycogen mass); (17, 18 and 19, with concentrated nuclei). 20-21, Giardia lamblia. 
22-23, Chilomastix mesnili: 23, with deeply stained glycogen (rare). 24, Iodamoeba 
butschlii showing characteristic deeply stained, sharply delimited, glycogen mass. 
25, Blastocystis hominis (a common vegetable form with cyst-like aspect).) 

b. OTHER INTESTINAL Protozoa. (1) Other intestinal protozoa in- 
clude such flagellates as Chilomastix mesnili, Trichomonas hominis, and 
Giardia lamblia. These organisms are probably harmless, although there 
is some evidence that G. lamblia is sometimes pathogenic. 

(2) Balantidium coli is an intestinal ciliate of man sometimes produc- 
ing a dysenteric condition similar to that caused by E. histolytica. Fur- 
ther details regarding all these forms may be found in standard texts. 


436. Collections of Specimens 

a. Stools should be collected directly into a clean receptacle fitted with 
a cover (bedpan). If a suitable container it not available, a newspaper 
placed over the toilet seat will serve. With the regulation metal spoon 
designed for this purpose, a small amount of the feces is placed in a small 
glass vial, which is then stoppered. Care should be taken to prevent mix- 
ing urine with stool. No preservative is used. 

b. All stool specimens should be examined at the earliest possible mo- 
ment,.as the protozoa rapidly disintegrate. 

c. Fecal specimens should be free of oil and barium, since these sub- 
stances render stools practically useless for examination for protozoa. 

d. If the pathologic lesions are in the rectum or sigmoid, specimens may 
be obtained by the physician by means of the proctoscope or the sigmoid- 
oscope and sent to the laboratory for examination. These are more apt 
to yield E. /istolytica than the passed feces. However, because of the 
attending discomfort to the patient, this method should be used only after 
finding the feces negative. 

e. Saline purgation and examination of the resulting liquid stools for 
vegetative forms (trophozoites) is a method commonly employed to de- 
tect amebic infection. Formed stools usually contain only cysts of pro- 
tozoa, whereas semiformed or liquid stools will ordinarily contain the 
trophozoites. | 

f. Protozoa may be present in great numbers one day and relatively 
scarce the next. Therefore, to arrive at a satisfactory diagnosis in ques- 
tionable cases, repeated examinations should be made on 3 to 8 consecu- 
tive days, if feasible. 
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437. Examination of Fresh Material 

The routine examination of fecal specimens for intestinal protozoa should 
include, as a minimum, three direct wet smears, with unstained and 
‘iodine-stained halves, and a preparation using the zinc sulfate flotation 
technic. 

a. Direct Wer Smear. This is a two-cover-slip preparation made 
directly from the stool specimen. A drop of physiologic saline solution 
and a drop of D’Antoni’s iodine stain or Lugol’s solution (e and f below) 
are placed separately, about 25 millimeters apart, on a clean glass slide 
(75 by 38 millimeters, if available). If the stool contains blood or mucus, 
this portion should be selected for making the smears. A small quan- 
tity of the material is spread evenly with a wooden applicator or a tooth- 
pick, first in the drop of saline and then in the iodine stain. The proper 
density of the smears should be such that newspaper print when viewed 
through the preparations is still legible. Cover slips are applied to the 
two smears, and the preparations are examined with the high dry objec- 
tive. The organisms are easily detected on the unstained side; however 
the iodine-stained portion usually must be referred to for identification 
of cysts, on the basis of morphologic detail. The diagnostic chromatoid 
bodies inside E. histolytica cysts, however, usually show better in the 
unstained preparation. 

b. ZINC SULFATE CENTRIFUGAL FLOTATION TECHNIC. In formed or 
semiformed stools where cysts are likely to be found, the zinc sulfate 
centrifugal flotation technic is valuable. Ordinary fecal smears should 
also be made, however, since they give some indication of the intensity 
of the infection, the zinc sulfate method having its greatest value in en- 
abling the worker to discover small numbers of protozoa. The method 
is as follows: 

(1) Prepare a fecal suspension by emulsifying 1 part of stool speci- 
men (about the size of a thumbnail) in 10 parts of lukewarm water. 

(2) If the stool contains large quantities of coarse material, strain 10 
ce of this emulsion through two layers of wet cheesecloth into a Wasser- 
mann tube. 

(3) Centrifuge for 45 to 60 seconds at approximately 2,500 rpm, pour 
off the supernatant fluid, and add 2 to 3 ce of water. Then break up the 
sediment, fill the tube with tap water, and repeat the above, centrifuging 
and discarding the supernatant fluid two to four times, or until the super- 
natant fluid is clear. 

(4) After pouring off the last supernatant fluid, add zinc-sulfate solu- 
tion to fill the tube to about 12 millimeters from the rim. (Zinc-sulfate 
solution is made up by dissolving 331 gm zine sulfate—ZnSO, + 7H,O, 
granular U.S.P.—in sufficient distilled water to make 1 liter of solu- 
tion, or 371 gm in 1 liter of water. In either event the specific gravity 
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should be adjusted after 24 to 48 hours to exactly 1.180 and regularly 
checked before use with a suitable hydrometer. ) 

(5) Centrifuge the tube for 45 to 60 seconds at top speed (3,000 rpm). 

(6) Remove several loopfuls of the material floating on the surface 
film to a clean slide; add 1 drop of iodine stain and a cover slip. 

¢. SIMPLIFIED Flotation Tecunic. If a centrifuge is not available, 
cysts may be concentrated as outlined in (1), (2), and (3) below. How- 
ever, the final preparation is not so clear and the enrichment of cysts is 
not so great as with the original technic. The procedure for this modi- 
fication is as follows: 

(1) A portion of stool the size of a pea is introduced into a glass vial 
(the standard type used for collecting fecal specimens). 

(2) About 2 ce of sugar or salt solution, specific gravity 1.180 (par. 
159), is added and the feces thoroughly emulsified with an applicator ; 
more solution is added to bring the level of the liquid to the top of the 
tube, the larger particles being removed from the surface with an appli- 
cator. 

(3) A cover slip (20 by 20 millimeters) is placed on the top of the 
vial in contact with the surface film and allowed to stand for 20 to 30 
minutes, at the end of which time the cover slip is lifted off and placed, 
wet side down, on a slide containing a drop of iodine stain. 

d. Agugous Sotution.. When Blastocystis hominis, a vegetable or- 
ganism, is present in such quantity as to obscure amebic cysts, the for- 
mer may be destroyed by substituting tap or distilled water for the physi- 
ologic saline solution in preparing a fresh mount. Vegetative amebae 
and motile flagellates are also destroyed by this procedure. ; 

e. D’ANTONI’s STANDARDIZED IopINE STAIN. To prepare the stain- 
ing solution, add to 100 cc of a 1-percent solution of potassium iodide 
(obtained by dilution of an accurately prepared 10-percent solution), 1.5 
gm of powdered iodine crystals. This solution must stand for 4 days 
before it is ready for use. It should be filtered before using, and the 
container should not be allowed to remain unstoppered, since volatiliza- 
tion of the iodine will occur. The stock solution, if tightly stoppered, 
can be kept for long periods without deterioration. 

f. Lucot’s IopinE Sotution. This is quite satisfactory for staining 
protozoal cysts. It is 5 gm iodine and 10 gm potassium iodide and 100 
ce of distilled water. 


438. Preparing Fecal Smears For Permanent Mounts 
The stool should be fresh, with the protozoa showing no evidence of 
degeneration. There is practically no advantage in staining fecal mate- 
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rial in which no organisms can be found by the examination of fresh 
preparations. 

a, PREPARATION AND FIXATION OF SMEAR. A thin fecal smear is made 
with an applicator on a clean slide. Without allowing the smear to dry, 
place it with smear side down into warm Schaudinn’s fluid (56° C.) for 
12 minutes. Remove slide to jar containing cold Schaudinn’s to remain 
for 20 minutes. The fixing solution is prepared as follows: 


Mercuric chloride (saturated solution in distilled water)............ 65 cc 
riiy) BICONO! (99 DELOCNE Tce ort ee oe he tee eee eee 35 cc 
Glacial Scene atid Es AUG ¢. Va es , Ae eee 5 cc 


b. STAINING OF SMEAR. (1) Procedure. The fixed specimens pre- 
pared as outlined above are carried through the successive steps in stain- 
ing as follows: 

(a) Immerse for 10 minutes in 70 percent ethyl alcohol. 

(b) Immerse for 10 minutes in 70 percent ethyl alcohol to which has 
been added sufficient iodine stain to produce a light mahogany color. 

(c) Immerse for 10 minutes in 70 percent ethyl alcohol. 


(d) Mordant in the following solution for 20 minutes: 
Iron alum (ferric ammonium sulfate) 4 percent aqueous solution... 1 part 
Bihy! alcohol (50) percest)s. 18h: ht Bei aa aes site 10 parts 
(e) Immerse for 5 minutes in 70 percent ethyl alcohol. 
(f) Stain for 24 hours in Heidenhain’s iron hematoxylin, prepared 
as follows: 


SIGIR VEER oxo sy Wag aliens Sasiae olatSeh Sa ately ss hs eota a Pek ies ain a ee 1 gm 
PeUtys ICON! (99 PEDEENE) Os asians saat eve oe dale cake ae oes eae 10 cc 
Distilled: watery’ Fist Se eeu Gi ee eae 90 cc 
Phymolsiaces vos Tsar ch ea a ae ea es See aie ae 1 crystal 


Dissolve the hematoxylin in the alcohol, add the distilled water and 
thymol, then allow the solution to ripen for 1 month in a clear, glass- 
stoppered bottle exposed to the sun. 

(g) Wash in two changes of tap water. 

(h) Decolorize in the following solution: 


Iron. alum:(Z2-percent: aqueous; Solution) 34sec 04 ics es cp wwlo'e sree hewn 1 part 
Bibyt alcohot (Su: Percent). asses as avibaw aba las > oven seeenctens eure 10 parts 


Differentiate by agitating each slide separately in the above solution until 
a light gray to blue tinge predominates; control the exact point by ob- 
serving the staining definition of the organism under the microscope 
every few minutes. 

(7) Rinse in tap water, then wash for 10 minutes each in three sepa- 
rate dishes of 40, 60, and-80 percent ethyl alcohol. : 

(j) Begin dehydration by two changes of 95 percent ethyl alcohol for 
5 minutes each. 

(k) Complete dehydration by two changes of absolute ethyl alcohol 
for 10 minutes each. 
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(1) Replace the absolute alcohol in the specimen by two changes of 
xylol for 10 minutes each. 

(m) Mount in canada balsam or Clarite. 

(n) Examine under oil immersion. 


(2) Precautions. (a) The specimen should not be allowéd to dry at 
any stage in the technic, since drying causes the organisms to shrink and 
become distorted in shape. 


(6) If the decolorizing agent is not thoroughly washed out of the 
specimen, it will fade the stain. 

(¢) If the specimen is not properly dehydrated before clearing in xylol, 
the xylol will become milky and the slide, when viewed microscopically 
after mounting in balsam, will appear blurred. 

cs Rapip MetHop oF FIXING AND StTarINtnG Smears (Markey, Cub- 
bertson, and Giordano: Am. J. Clin. Path. 13 1943). (1) Fix smears in 
Schaudinn’s fluid for 2 minutes or more. 

(2) Immerse in 95 percent ethyl alcohol (with idoine, if permanent 
mounts. are desired) for 15 to 30 seconds. 

(3) Rinse in water. 

(4) Mordant for 2 to 3 minutes at 56° C. in the following solution: 
Remriny cmmenmiuns sulphates (io. Goi 08. SUES B. 2 e dee wean 5 gm 
ee, WATE oe hit bis ard che ae dee ANIA GA Ge CSE el v's w/a as 100 ce 

(5) Rinse in water. 

(6) Stain for 1 to 2 minutes at 56° C. in the following hematoxylin 
solution : 

Hematoxylin (10-percent alcoholic solution) 
Glacial acetic acid 
UT tae a ens hh na a scene gh, Aa piace aatey esc 86 40.0 cc 

(7) Rinse in water and allow to stand until blue black (for permanent 
mounts, to prevent fading, slides should be washed in running water for 
15 to 30 minutes). 

(8) Dehydrate in 95 percent ethyl alcohol for 30 seconds to 1 minute, 
followed by absolute ethyl alcohol or acetone for 1 minute. 


(9) Clear in xylol. 
(10) Mount in Clarite or canada balsam. 
(11) Examine under oil immersion. 


439. Culture Methods 

Culturing E. histolytica may be of assistance in establishing a diagnosis, 
but negative cultures alone cannot be accepted as indicating that the pa- 
tient is free from infection. (Not frequently negative cultures result 
from overgrowth with bacteria or Blastocystis.) When E. histolytica does 
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erow in culture its morphologic characteristics may become somewhat 
altered. 

a. Mepta. (1) Boeck-Drbohlav medium. This is the medium most 
generally used for culturing the intestinal protozoa of man. In it many 
amebae and, intestinal flagellates, with the exception of Giardia lamblia, 
survive and multiply. Materials required to prepare it are as follows: 

(a) Reagents. 

1. Eggs. 
2. Sterile Ringer’s solution. This is prepared according to the 
- following formula: 


Sodium chloride (Natl): 7.0 vesk sess esepwee eoeen 8.0 gm 
Potassium chloride CCT) ia pee ee be tk eee eee aa 0.2 gm 
Calcium chloride CCAUC EY: 5548 eo aheat acdo te erect 0.2 gm 
Magnesium chloride CMC) 243i a5 vane sub renege jo OS em 
Monosodium phosphate (NaMiPOo -4:sio:s eed iw wee were 0.1 gm* 
Sodium bicarbonate (NaHCO). keascusece eens aes 0.4 gm* 
Distilled water LEAS ins cso eee sa9 Sere Fabre 1,000 cc 


The solution is autoclaved at 15-pound pressure for 20 minutes 

and allowed to cool. 

3. Modified sterile Ringer’s solution. This is prepared by adding 
0.25 gm of Loeffler’s dehydrated blood serum to 1,000 cc 
of Ringer’s solution which should be made up in addition to 
the Ringer’s solution of the preceding section. Boil the mix- 
ture of serum and buffer-free Ringer’s solution for 1 hour 
to facilitate solution of the serum, filter, and autoclave for 20 
minutes at 15-pound pressure; then add filtered buffer as 
before. 

4. Sterile Chinese rice flour. The rice flour is sterilized by plac- 
ing about 5 gm in a test tube and plugging it with cotton. 
The flour is distributed evenly and loosely over the inner sur- 
face of the tube by shaking, and then sterilized in a horizon- 
tal position in dry heat at about 90° C. for 12 hours, using 
intermittent sterilization—three periods of 4 hours each. The 
flour remains white if not overheated. 

(b) Preparation. Wash four eggs thoroughly, rinse, and brush well 
with 80 percent alcohol. Break into a sterile Erlenmeyer flask contain- 
ing sterile glass beads and 50 cc of sterile Ringer’s solution. Emulsify 
completely by shaking the flask. Place about 4 cc of this material in each 
test tube and sterilize as follows (using autoclave as inspissator): Place 
the tubes in a preheated autoclave in such a position as to produce a slant 
of about 25 to 35 millimeters, close the door, turn on the steam, and open 


* These ingredients are dissolved in sterile distilled water, filtered through a Seitz or Berkfeld 
filter and added subsequently. 
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the outside exhaust valve. At the first appearance of steam from valve, 
close it, and allow the pressure to rise to 15 pounds; then shut off the 
steam and allow the pressure to decline to zero; remove the tubes from the 
autoclave. Repeat on 3 successive days, storing the tubes at room tem- 
perature between sterilizations. 

To each solid slant add enough modified Ringer’s solution (about 5 or 
6 cc) to cover the slant completely. Incubate at 37° C. for 24 hours to 
determine sterility before adding the sterile Chinese rice flour. The flour 
is added by taking up 0.25 cc into a clean, sterile, dry, wide-bore 1-cc 
pipette and discharging it into the liquid medium by tapping the pipette 
against the inside wall of the tube. The tubes are again incubated at 37° 
C. for 24 hours to test for sterility. 

(2) Cleveland and Sanders medium, modified. (a) Reagents. 

1. Entamoeba medium, dehydrated. 

2. Serum-saline solution. This is a M/30 phosphate-salt solution 
(pH 8) prepared by dissolving 11-23 gm Na,HPO,:12H,O, 
0.26 gm KH,PO, and 8 gm NaCl in distilled water to make 
1 liter. Autoclave at 15 pounds for 20 minutes, cool and add 
10 parts to 1 part of sterile (horse) serum. 

3. Sterile rice flour, prepared as in paragraph 439. 

(b) Preparation. Dissolve 33 gm dehydrated medium in 1 liter of 
distilled water, and dispense in tubes in a quantity which gives a slant 
of medium length with no butt. Autoclave and slant, leaving at room 
temperature several days to harden. Add enough serum-saline solution 
to cover three-fourths of slant and add 2 or 3 loopfuls of rice flour to 
each tube. Incubate at 37° C. to test sterility, and then store in refrig- 
erator, 

b. CULTURING AND TRANSFERRING. Inoculate the liquid portion of the 
medium with a portion of the stool about the size of a pea. Incubate 
at 37° C. and examine at the end of 24 and 48 hours. If subsequent 
cultures are to be maintained, transfer every 48 hours. Approximately 
0.5 cc of the fluid medium taken from the bottom of the tube should be 
used for each transplant. Amebic cultures that are not positive at the 
end of 48 hours should be transferred and further examined as follows: 
Allow the culture to remain in the incubator for 2 hours, then without 
unduly disturbing it, remove all but 0.5 cc of the supernatant fluid by 
means of a sterile pipette equipped with a rubber nipple. Wash the slant 
with the remaining fluid and then transfer it to a new medium. The 
resulting culture should then be examined at 24 and 48 hours before call- 
ing it “negative.” 


440. Summary of Methods Used In Diagnosis of Amebae 


a. FRESH, UNSTAINED, WET Mount. The fresh, unstained, wet mount: 
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prepared as outlined under general methods should be examined system- 
atically, covering the slide without repeating any microscopic field. 
Amebae in the live state have a particular refractive, translucent, granu- 
lar appearance that easily differentiates them from other objects in the 
field. The trophozoites and cysts of the amebae may be detected with 
the low-power objective, and then a switch made to the high-power 
objective to determine the detailed characteristics. Bar-shaped chroma- 
toid bodies are diagnostic of unstained E. histolytica cysts. The features 
outlined below will be found to be of great aid in species determination: 


(1) Size and color. 

(2) Granular nature of cytoplasm and presence of cell inclusions. 

(3) Nuclei—number and visibility. : 

(4) Type of motility—active, sluggish, progressive, or nonprogres- 
sive. ; 

(5) Pseudopodia—single, multiple, clear, or granular. 

(6) Formation of pseudopodia—slow or explosive. 

(7) Presence or absence of red blood cells or bacteria in cytoplasm. 

(8) Presence and characteristics of chromatoid bodies inside the cysts. 

b. Fresu, IopINE-STAINED, Wet Mounts. Since iodine distorts tro- 
phozoites, the usefulness of this preparation is limited to the study of 
the cysts. It enables the observer to count the nuclei (8 in mature E. 
colt and 4 in E. histolytica) and to determine the placement of the intra- 
nuclear karyosome (eccentric in E. coli and central FE. histolytica). The 
glycogen in the young cysts is stained light to dark brown. Chromatoid 
bodies do not stain with iodine; in fact, they often become less apparent 
than when unstained. 

c. SMEARS STAINED WITH IRON-HEMATOXYLIN. See paragraph 438. 


d. CuLturE. There are a number of cultural methods that may be 
helpful in establishing a diagnosis of FE. histolytica. (See par. 439.) 
Usually, however, it is preferable to make direct microscopic examina- 
tions on several stools or on smears obtained with the aid of the sig- 
moidoscope. . 

e. CONCENTRATION or Cysts. This procedure should be applied 
preferably to formed or semiformed stools. 

f. COMPLEMENT-Frxation. The complement-fixation test for E. his- 
tolytica infection is still in the experimental stage, and few laboratories 
are equipped for it. In the hands of experts, however, it may be of some 
value. 

g. Cuarcot-LEYDEN CrystaLs. Charcot-Leyden crystals in the stools 
are indicative of chronic inflammation, and often occur in amebiasis. 

h, DIFFERENTIATION OF AMEBIC AND BACILLARY DysENTERY. This 
can presumptively be done by observing the general character of the 
fecal exudate. However, one disease may complicate the other, and 
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amebic dysentery in the presence of severe bacterial secondary invasion 
of the ulcers may have many of the characteristics of bacillary dysentery. 
Therefore, every effort should be exerted to demonstrate the causative 
organism in each case. The main differential points are shown in table 


XLVI. 


Table XLVI. Differential diagnosts of fecal elements in bacillary and amebic dysentery! 


Element Amebic dysentery 


Bacillary dysentery 


Blood. Varying amounts. 


Polymorphonuclear 
neutrophils. 


About 90 percent of exu- 
date. Many shows nu- 
clear degeneration (ring- 
ing). Cytoplasm  fre- 
quently contains fat. 


Endothelial 
macrophages. 


Present in varying numbers. 
Actively phagocytic, fre- 
quently contain erythro- 
cytes and_ leucocytes. 
Undergo toxic degenera- 
tion—“‘ghost cells.” 


Pigema celles. ot: Present; relatively more 


abundant early. 
Pyknotic bodies - ----__- Proportionately _ insignifi- 
cant, but are found. 


E. histolytica 
trophozoites. 


Absent unless the two dis- 
eases are both present. 


Amount of exudate 
actual hemorrhage 
excluded. 


Small to massive exudate, 
may bea large part of the 
stool. 

Low—due to bacterial 
flushing. 


Bacterial content. 


Small amounts to actual 
hemorrhage. 

Few. Cytoplasm of some of 
those present shows de- 
generative changes and in 
such the nuclei may ap- 
pear pyknotic. 


Not seen except in cases also 
having bacterial dysentery. 


Present in small numbers. 


Constitute about 80 percent 


of cellular elements. 


Present and must be found 
to make diagnosis. 


Small. 


Very high, usuaily. 


1 Callender, G. R., The Cytological Diagnosis of Dysenteric Conditions and Its Application in the Military 


Service, The Military Surgeon, June, 1925. 


441. Confusing Objects 


a. Tissue cells derived from the host, or ingested as food, may at first 


glance appear as amebae in the stools. 


Macrophages may be found con- 


taining phagocytized red blood cells, but a critical examination will re- 
veal their typical nuclear structure and the absence of ameboid move- 


ment. 
that easily differentiate them. 


Epithelial cells are pale in color and have nuclear characteristics 


473 


b. Vegetable elements such as starch grains, pollen grains, yeast cells, 
etc., have a certain definiteness of outline and structure that should lead 
to no confusion. However, certain yeast cells, such as Blastocystis hom- 
inis, may be confused with cysts of amebae. The occurrence of bud- 
ding and the peculiar arrangement of their nuclei should aid in differ- 
entiating them. 


442. Direction for Submitting Specimens of Feces by Mail To 
Central Laboratory 

a. RouTINE EXAMINATION FOR INTESTINAL Parasites. The outfit 
consists of a cork-stoppered glass vial (Med. Supply Cat. No. 4471000) 
equipped with a metal spoon in the stopper (Med. Supply Cat. No. 4400- 
000, 7762000). Fill the vial not more than half full. Oily specimens are 
unsatisfactory. This outfit is intended only for specimens for intestinal- 
parasite examination, including helminth ova and larvae, and protozoan 
cysts, and must not be used for specimens for bacterial culture. Cork 
securely. Test for leakage. Pack securely in a double mailing case 
(Med. Supply Cat. #4125000) with packing cotton. 

b. FEcAL SMEARS FoR HEMATOXYLIN STAINING. In addition to the 
above specimen, fixed smears of liquid or semiliquid stools should also 
be submitted to enable an examination for the trophozoite forms of pro- 
tozoa. Make thin fecal smears on two slides with a small brush or appli- 
cator, and while still wet, immerse in warm Schaudinn’s solution. (See 
par. 438.) Remove 5 minutes and, without allowing to dry, place back 
to back and transfer to a suitable bottle completely filled with 70 per- 
cent ethyl alcohol and enough cotton to prevent the slides from being 


jostled about ; then mail to the central laboratory for staining and exam- 
ination, 


Section Ill. FLAGELLATES OF BLOOD AND OTHER TISSUES 
443. General 


The flagellates found in the blood and other tissues of man belong to 
the genus Leishmania and the genus Trypanosoma. These organisms 
undergo changes in form during certain stages of their life cycles. Note 
that the genus Trypanosoma may assume any of the forms and that the 
genus Leishmania has only two forms. 


444. Leishmanias 

There are three generally recognized species of Leishmania infecting 
man which, although causing distinct diseases, appear identical under the 
microscope. The diseases produced in man, however, are clear-cut, there 
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Figure 32. Classification of Trypanosomes and Leishmanias (modified 
after Wenyon). 


being three types of lesions: visceral, cutaneous, and mucocutaneous. 


a. LEISHMANIA DONOVANI (VISCERAL Form). Infection with this 


parasite is called “kala-azar’” and is fairly common in the countries bor- 
688862°—46—31 
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dering the Mediterranean and in India, northern China, and southern 
Russian Turkestan; it has also been reported from South America. The 
Mediterranean type chiefly affects children but many adults harbor the 
parasite and it is not uncommon in aged people. The disease is chronic 
and is characterized by anemia, loss of weight, and marked enlargement 
of the spleen. The parasites are found in the reticuloendothelial cells of 
the liver, spleen, and lymph nodes and occasionally in the white cells 
circulating in the blood. It appears probable that flies of the genus 
Phlebotomus transmit the disease to man through their bites. (See par. 
481.) 

(1) Morphology. In the tissues this species is a very small (2 to 3 
mu) round or oval body, with a sharp outline and poorly staining cyto- 
plasm. With Wright’s stain, the cytoplasm stains a pale blue, the nu- 
cleus appearing as several bright red granules. The parabasal body 
stains deep purple and is the only other definite structure clearly visible 
in the parasite in man, (See fig. 33.) 


anne Flagellum 


‘ Parabasal 
body 


Figure 33. Diagram of Leishmania cell. 


(2) Diagnostic methods. The laboratory methods of diagnosis are, in 
order of reliability, as follows: culture of material obtained from spleen, 
liver, or sternal bone marrow, examination of stained material obtained 
from the above organs, the aldehyde test, culture of peripheral blood, 
and examination of stained blood films. Complement-fixation and pre- 
cipitin tests have been used by certain workers with some degree of suc- 
cess. In consideration of the patient’s safety and technical simplicity, 
the tests should be performed as follows: 

(a) Blood. Leishmania are rarely recovered in the circulating blood. 
When present they are usually found in mononuclear and polymorpho- 
nuclear leucocytes. Attempts to cultivate the parasites should be made 
by inoculating tubes of NNN medium (d below) with blood concentrated 
by medium-speed centrifugation (800 rpm). 

(b) Aldehyde test. To 1 cc of clear serum obtained from the blood 
of a suspected case add 2 drops of formalin (40-percent formaldehyde 
solution) and shake. In advanced cases of kala azar, the serum will 
become opaque and jell in 3 to 30 minutes, but early in the course of the 
infection it may become opaque or milky without jelling. Although this 
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test may also be positive in malaria, tuberculosis, and leprosy, it is never- 
theless of value. 

(c) Sternal, hepatic, and splenic puncture. These are procedures that 
should be done by a competent medical officer. Sternal puncture is safest 
and almost as reliable as splenic puncture. Hepatic and particularly 
splenic punctures are dangerous owing to the possibility of causing un- 
controllable hemorrhage. The material obtained is spread on a slide in 
as thin a layer as possible, stained with Wright’s or Giemsa’s stain, and 
examined under a microscope with the oil immersion lens. The material 
may also be used to inoculate slants of NNN medium. (See d below.) 


(d) Culture. The NNN (triple N) medium is prepared as follows: 


LR aap et eae SRE acs ci i Nene RS pei i 14 em 
SLE PANO ns AS ee te Dnata acta tee CN eae tiie ae VOR aes 6 gm 
PAM, WEEP 8 Shichi Lies Mbioes Ma a Pe Gs EBLE aS MG Ne a Biss 900 cc 


Mix and dissolve by means of heat, then tube in 6-cc amounts and auto- 
clave for 30 minutes under 15 pounds of steam pressure. Remove the 
tubes, and cool to 48° C. Then, under aseptic conditions, add 2 cc of 
sterile defibrinated rabbit’s blood to each tube, mix well, and slant. 
Slanted tubes should be placed in the ice box to cool and harden so 
they will have the maximum amount of water of condensation. When 
cool, the cotton plugs of each tube should be covered with a rubber cap, 
or paraffin to prevent evaporation of the water. Inasmuch as trypano- 
somes will not grow in the presence of bacterial contamination, the tubes 
should be tested for sterility by incubation for 24 hours before they are 
used. 


The material suspected of containing Leishmania is planted at the bot- 
tom of the slants in the water of condensation and incubated at 22° to 


25° C. for 3 to 14 days. 


b. LEISHMANIA TROPICA (CuTANEOUS Form). Infection with this 
parasite, which is common in the Mediterranean area and in Africa, is 
known as oriental sore, Delhi boil, and bubo. Although the organisms 
may occasionally be found in superficial scrapings from the base or mar- 
gins of the ulcer, they can be found, with any degree of regularity, only 
in cells taken by puncture of the indurated margins of the ulcer. Mate- 
rial so obtained is spread on a slide and stained and examined as for 
L. donovani. Since the organisms are very scarce, much patience must 
be used in the search, The parasite may be cultivated in the NNN me- 
dium, but usually too many bacteria are present. The infection may be 
transmitted by contact, mechanically by a number of flies, and biolog- 
ically by the sandfly (Phlebotomus). 


c. LEISHMANIA BRASILIENSIS (MucocuTANEous Form). This or- 
ganism produces mucocutaneous leishmaniasis or espundia of Central 
and South America. Its laboratory diagnosis is the same as that for 
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L. tropica: examination of stained material and cultivation on NNN 
medium. The method of transmission is apparently the same as that 
of L. tropica. 


445. Trypanosomes 

Trypanosomes are flagellate protozoa of a somewhat elongate shape, 
tapering at both ends. Along the margin is an undulating membrane, to 
which is attached the flagellum. The flagellum arises from a small gran- 
ule, the blepharoplast, near the posterior end of the organism. It then 
passes along the free margin of the undulating membrane and may 
emerge at the anterior end of the organism as a free flagellum of vari- 
able length. Just posterior to the blepharoplast there is usually a dark, 
shining, round or rodlike body known as the parabasal body. The 
nucleus of the organism is round or oval and centrally located. The 
cytoplasm is clear but may contain granules that stain red with Giemsa’s 
stain. Figure 34 shows the internal structure of a trypanosome. 


Flagellum 


Metachromatic 


Granules 
: Nucleus 
Undulating Karyosome 
Membrane ; 


Parabasal Body 


Blepharoplast 
Figure 34. Diagram of a trypanosome. 

The trypanosomes of medical interest are Trypanosoma gambiense and 
T. rhodesiense, the causative organisms of African sleeping sickness, and 
T. cruzi, the causative organism of Chagas disease. (See table XLVII). 

a. TRYPANOSOMA GAMBIENSE AND T. RHODESIENSE (AFRICAN SLEEP- 
ING SICKNESS). The diseases produced by these two trypanosomes have 
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several distinguishing characteristics, but for the sake of simplicity they 
will be considered together as African sleeping sickness. 

(1) Life cycle. The location of the trypanosomes in man depends on 
the stage of the disease. During the febrile or “glandular” stage they 
are located in the blood and lymph; later, when the cerebral or sleeping 
sickness stage is reached, they are to be found only in the cerebrospinal 
fluid. The organisms, which vary in length from 15 to 33 microns, mul- 
tiply by longitudinal division while in the body fluids. The vectors, 
species of tsetse flies (Glossina), become infected by ingesting trypano- 
somes with their blood meals. The organisms multiply in the midgut 
of the fly, migrate up the digestive tract and enter the salivary glands, 
where they later transform into metacyclic forms, which are infective 
for man. This cyclical development in the insect vector requires about 
3 weeks. 

(2) Diagnostic methods. The diagnostic method to be employed is 
dependent on the stage of the disease in the patient. Inasmuch as suc- 
cessful treatment during the sleeping-sickness stage is difficult, if not 
impossible, it is imperative to make a correct diagnosis early in the course 
of the disease. 

(a) Febrile stage. 

1. Blood and lymph. The direct examination of blood and 
lymph-node fluid reveals most of the infections during this 
stage. Owing to the motility of trypanosomes, the organ- 
isms are frequently more easily observed in fresh unstained 
fluid than in stained preparations. Thick and thin films may 
be prepared and stained as for malaria parasites. (See pars. 
449 and 450.) In obtaining lymph-node fluid an enlarged 
node is punctured aseptically with a Luer syringe equipped 
with a 19-gauge needle and some of the juice aspirated from 
it. Trypanosomes in the blood may be concentrated by cen- 
trifugation. Collect 10 cc of venous. blood and centrifuge 
at 900 to 1,000 rpm for 3 minutes. The supernatant is 
pipetted off and centrifuged a final time at 1,800 to 2,000 
rpm for 20 minutes. The sediment is examined either 
stained or unstained. If cultivation of the sediment is to 
be attempted, aseptic precautions should be followed. 

2. aa inoculation. White rats, the blood of which is free 
from trypanosomes (7. Jewisi) or guinea pigs, may be in- 
oculated intraperitoneally with 1 to 5 cc of the patient’s 
blood, the size of the inoculum depending on the size of the 
animals used. The inoculation period in the laboratory ani- 
mal depends on several factors, for example, the size of the 
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inoculum and the species of trypanosome. It may be neces- 
sary to examine the inoculated animal’s blood on several 
occasions over a period of a month or more. T. rhodesiense 
is more virulent than T. gambiense for laboratory animals, 
and exhibits a larger percentage of posteriorly placed nu- 
clei when found in the blood of the rat. 


3. Culture. Blood and lymph-node juice can be inoculated into 
tubes of NNN medium, but the cultivation of T. gambiense 
and T. rhodesiense is difficult. 

(b) Sleeping-sickness stage. 

1. Cerebrospinal fluid. Five cubic centimeters of fluid obtained 
by lumbar or cisternal puncture is centrifuged at 1,500 to 
2,000 rpm for 20 minutes. The sediment is examined fresh 
or stained, and may be inoculated intraperitoneally into suit- 
able animals. An increase in the number of leucocytes in 
the cerebrospinal fluid is suggestive but not diagnostic. 

b. TRYPANOSOMA cRUzI (CHAGAS’ Disease). This is a trypanosome 
infecting man in tropical and subtropical South and Central America. 


Although this is primarily a childhood disease, it is sometimes found in 
adults. 


(1) Life cycle. (a) In man,.7. cruzi as seen in the peripheral blood 
is a trypanosome about 20 microns in length. In blood films, its body 
tends to be shaped like the letter “C” and the posterior end is sharply 
pointed. The parabasal body is oval in shape and very conspicuous. 
There is a free flagellum. The nucleus is oval and centrally located. 
There may be some variations in the width of the body, since the young 
forms are narrower than the old. After a variable period in the blood 
stream, the mature trypanosomes invade the muscle fibers or other tissue 
cells, assume the leishmanial form and multiply by splitting lengthwise. 
This multiplication of the leishmanial stage continues until the tissue cells 
become distended with parasites and rupture. Each parasite then de- 
velops a short flagellum, the body lengthens, the parabasal body moves 
posteriorly, and the young trypanosome returns to the blood stream or 
invades other tissue cells. There is considerable local tissue damage and 
destruction due to the invasion of tissue cells by this parasite. 

(b) In triatomid insects a complicated developmental cycle takes place 
that results in the appearance in the hind-gut of “metacyclic” trypano- 
somes, forms which are infective for man. When the insect feeds again, 
it deposits a small drop of fluid from the rectum upon the skin of the 
human being. This fluid excrement may contain great numbers of “meta- 
cyclic” trypanosomes, which are capable of passing through intact mucous 
membranes or small skin abrasions into the blood stream, thus infecting 


48 | 


the individual. Persons may inoculate themselves by accidentally rub- 
bing the deposited feces into the puncture wound at the feeding site or 
into the eye. 

(2) Diagnostic methods. The diagnosis of Chagas’ disease by the 
demonstration of 7. cruzi is essentially the same as that for African 
sleeping sickness but is far more difficult. Trypanosomes are in the 
peripheral blood only during the acute stage of the disease and during 
febrile periods of the chronic condition. If direct examination of the 
blood is negative, 0.05 to 2 cc of the patient’s blood should be inoculated 
into guinea pigs or into white rats free from T. lewisi. In positive cases 
the organisms will be found in the blood of these animals in from 1 to 
4 weeks. The lymph nodes are less often involved in this disease and 
need not be examined. If nervous sypmtoms happen to be present, 
examination of the cerebrospinal fluid may reveal the organisms. The 
cultivation of T. cruzi on NNN medium is more successful than that of 
T. gambiense and T. rhodesiense. If the antigens are available comple- 
ment-fixation tests can be performed (Kelser: Am. J. Trop. Med. 16:405, 
1936). 


Section IV. MALARIAL PARASITES 
446. General 


a. A positive diagnosis of malaria in man should always -be made by 

the demonstration of malarial parasites in stained blood films. Since 

there are three important kinds of malarial parasites, and since all these 

may appear in the blood in more than one form, it is important to learn 

the diagnostic features of each kind in all its common stages. The fol- 

lowing glossary will be helpful if consulted during the reading of sub- 

sequent paragraphs in this section. 
b. GLossARY OF TERMS USED IN MALAriorocy: 

Anopheline. The particular kind of mosquitoes that transmits malaria 
from man to man, 

Appliqué or Accolé form. A young ring of Plasmodium falciparum 
found at the periphery of a red cell. 

Band form. The bandlike position of the malarial parasite across the 
red cell seen in P. malariae infections. 

Black-water fever. A highly fatal disease associated with P. falciparuni 
infections in which hemoglobin is lost rapidly through the urine. 

Chromatin. Nuclear: material, which in malarial parasites, is sometimes 
scattered, rather than in a distinct compact nucleus. With Wright’s 
and Giemsa’s stains, plasmodial chromatin stains red. 

Crescents. Gametocytes of P. falciparum, recognized by their typical 
shape. 
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Exoerythrocytic stage. Applies to early developmental stages believed 
to occur outside the red cells, especially in cells of the reticuloen- 
dothelial system. 

Gametocyte. A sexual form of the malaria parasite in man. Fertiliza- 

. tion occurs only in the stomach of anopheline mosquitoes. 

Macrogametocyte. A female malaria parasite. 

Malaria. A group of diseases with chills and fever caused by several 
kinds of blood parasites called plasmodia. 

Malarial pigment. Brownish to blackish granules deposited in the cyto- 
plasm of malarial parasites during their growth 

Maurer’s dots. Sparse red-staining coarse granules occasionally seen 
in the cytoplasm of red cells infected by P. falciparum. 

Merozoite. One of the subdivisions of a schizont. When the red cell 
ruptures, each merozoite enters a ‘new red cell and forms a young 
ring form of the next generation. 

Microgametocyte. A male malarial parasite. 

Multiple infection. The presence of more than one. malarial parasite in 
a single red cell. 

Plasmodium. The name of the genus of Protozoa to which malarial 
parasites belong. 

P. falciparum. The parasite causing estivoautumnal, malignant tertian, 
subtertian, or pernicious malaria. Chills and fever recur at 48-hour 
intervals. This is by far the most dangerous form of malaria. 

P. malariae. The parasite causing quartan malaria. Chills and fever 
recur at 72-hour intervals. 

P. ovale. The parasite causing a rare benign form of tertian malaria, 
found chiefly in Africa. 

P. vivax. The parasite causing benign tertian malaria. Chills and fever 
recur at 48-hour intervals. 

Presegmenters. Schizonts at an early stage of division having divided 
chromatin but intact cytoplasm. 

Ring or ring stages. Early forms of malarial parasites in the red cells. 
Each parasite’s circular mass of cytoplasm with its chromatin dot at 
one side resembles a signet ring. 

Schizogony. Asexual division of mature trophozoites into merozoites. 

Schizont. A malarial parasite undergoing asexual division, characterized 
by dividing masses of chromatin. 

Schuffner’s granules. Abundant pink-staining granules often seen in the 
cytoplasm of red cells infected by P. vivax or P. ovale.” 

Segmenters. Mature schizonts having divided chromatin and cytoplasm. 
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They consist of merozoites and clumped pigment. 

Sporozoites. Spindle-shaped malarial parasites injected into man by 
bites of infected anopheline mosquitoes. 

Trophozoites. Growing stages of malarial parasites in the red cells. 


447. Life Cycle of Malarial Parasites 

a. In order to understand the diversity of forms of malarial parasites 
found in a blood film, it is necessary to know something about the life 
cycle of malarial parasites. (See fig. 35.) 


Phase in anopheline mosquito 


Phase in blood and 
blood-forming organs of man. 


Modified after Faust 


Figure 35. Life cycle of malaria parasites. 


When the infected female anopheline mosquito bites man, she injects 
malarial sporozoites into the wound. These enter the blood stream and 
a number of days later give rise to the first generation of ring forms 
in the corpuscles. Each ring form (trophozoite stage) grows until at 
the end of 48 or 72 hours it fills much of the red cell, when the chro- 
matin divides and the parasite becomes a schizont. This schizont con- 
tinues to divide into many small segments called merozoites. The red 
cell finally ruptures, liberating the merozoites, each of which enters a 
new red cell to repeat the asexual cycle. 

b. Later in the disease some of the merozoites give rise to male 
gametocytes (microgametocytes) and female gametocytes (macrogame- 
tocytes) which circulate without further development until they are 
taken up by another mosquito or die. Within the mosquito they mate 
and produce thousands of sporozoites, thus completing the sexual cycle. 

c. The forms of malarial parasites seen in blood films are. therefore 
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as follows: early rings; growing trophozoites; early schizonts (preseg- 
menters); mature schizonts (late segmenters containing merozoites) ; 
male gametocytes; and female gametocytes. 

(1) In all these forms the cytoplasm stains blue and the chromatin 
red with Wrights’s and Giemsa’s stains. 

(2) Sporozoites are never seen in blood films. 

(3) Blood platelets, small lymphocytes, and debris are sometimes 
confused with malarial parasites by inexperienced workers. Careful at- 
tention to the minute structural details of true Plasmodia should elimi- 
nate such errors. 

(4) All six of the above-listed forms may appear simultaneously in 
a blood film from patients with P. vivax or P. malariae infection. But 
with P. falciparum infection one usually sees only rings or crescents 
(gametocytes), or both, the growing trophozoites and schizonts being 
confined in the internal organs. To detect the latter it is sometimes nec- 
essary to perform splenic or sternal punctures. 

(5) Female gametocytes have compact chromatin and closely packed, 
malarial pigment, whereas in males both these elements are more dif- 
fusely scattered. -Gametocytes of P. vivar and P. malariae are round, 
in contrast to the crescents of P. falciparum. 

(6) Additional diagnostic features of the various species of Plas- 
modium are summarized in tables XLVIII and XLIX. The colored 
plates (figs. 37, 38, and 39) should also be frequently consulted. 


Table XLVIII. Summary of the diagnostic characteristics of malarial parasites when 
seen tn stained blood films 


Characteristic P. vivax P. ovale P. malariae | P. falciparum 
Enlarged. ned eelis.__- 2-25 -_. 2 ._-- 7 + <2 we 
Fringed or oval red cells? ----- _-__-- ~ -[- a = 
Schuffner’s granules-_-_-------------- -|- -+ as eS 


Large irregular rings_-_------------- -\- — = se 

All forms in peripheral blood_-____-- |. 

TSN Vii fs ea ae eee ee is -|- 

Wiser s Gots.0- 0. nn - = 

Double chromatin dots-_-----------. — _ a: 

poles formas. 5s 22. = 2+ =~. 

Multiple infection - - - ---------- 2k Rae — a 

Oval presegmenters----.----------- --+ 

Crescent te ha ee ke 

Divisions of chromatin _------------ 12-24 6-12 6-12. 6-30 
(16) ? (8) (8-10)! | (16) 1 


| 
| 
| 
+1++4+4+1 


1 Average. 
2 Fringed or oval red cells are less frequently seen in P. vivax infections but they are not rare. 
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Table XLIX. Diagnostic characteristics of the three principal malaria parasites 
of man 
P. vivax: 
Infected red cells enlarged and pale (except youngest ring forms). 
Trophozoites bizarre shaped and ameboid. 
Schuffner’s granules in cytoplasm of infected cells highly suggestive. 
Merozoites number 12-24, average 16. 
Pigment yellowish brown, and finely granular. 
Gametocytes nearly or completely fill cell. 
Rings relatively large and coarse. 
Multiple infection of cells uncommon. 
P. malariae: 
Occasional or frequent band formation. 
Malarial pigment abundant, very dark and coarsely granular. 
Red cells not enlarged or pale. 
Merozoites number 6-12 (rosette formation), average 8-10. 
No Schuffner’s granules or Maurer’s dots. 
P. falciparum: 
Early rings very small, many with double chromatin dots. 
Multiple infections characteristic. 
Applique forms often seen. 
Maurer’s dots occasionally present. 
Crescent-shaped gametocytes. 
No enlargement or paling of red cells. 
Intermediate forms rarely found in peripheral blood. 
Merozoites number 6-30, average 16. 


448. Laboratory Diagnosis of Malaria 

a. The most favorable time to find malarial parasites in the blood in 
a clinical case of malaria is the period just before or at the beginning 
of the paroxysm. Most examinations are made on stained blood smears, 
but in an emergency, or if staining facilities are not available, the para- 
sites may be seen in fresh unstained blood. 

b. Suspected positive findings should be confirmed by the laboratory 
officer before being reported. 

c. Quinine or other antimalarial drugs used in treatment within 4 days 
before taking the sample make it very difficult to demonstrate the para- 
sites even by the thick-film method. 

d. Repeat the examination as many times as necessary at 12-hour 
intervals to prove or disprove the diagnosis. 

e. Use only glass slides that are chemically clean and free of scratches, 
grease or fogging. 


449, Preparation of Blood Films 
a. Wipe the finger with gauze moistened with 70 percent ethyl al- 


cohol and allow the alcohol to evaporate completely. Puncture the skin - 


preferably using a No. 11 blade (Item No. 3337000), and wipe off the 
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first drop of blood. To make a thin smear, touch the slide to the top of the 
drop, being careful that the slide does not touch the finger, and with an- 
other clean slide draw the blood from the edge to the center of the slide. 
The thick film should be made simultaneously. A large drop of blood is 
collected on the opposite end of the slide, and this is stirred immediately 
with the corner of another slide until the blood is evenly spread over 
an area about 1 cm in diameter. (If thick films while still wet are the 
correct thickness, ordinary print should be visible through them.) A 
correctly prepared slide is shown in figure 36. 


Lead pencil 


Thin — film 
= Smearing direction 
Figure 36, A correctly prepared blood film. 


Thick film 


b. The name of the patient should be written with pencil on the 
thicker portion of the thin film. The slide should be placed flat in a 
slide box standing in a vertical position or covered with a Petri dish to 
prevent dust, debris, roaches, and flies from reaching the smears. The 
slide should be allowed to air dry for several hours. In case of emer- 
gency, however, the slide may be stained as soon as it is thoroughly dry, 
if care is taken in removing the slide from the stain and in washing. 
In this case the drying process may be hastened by placing the slide in 
an incubator. 


450. Staining of Films 

a. Routine MetHop For THIN AND TuIck Fitms. (1) The solu- 
tion for staining is made up by adding 1 part of Giemsa stain to ap- 
proximately 50 parts of buffered water (pH 7.0). This dilution will 
vary somewhat with each batch of stain. The staining solution should 
be made up fresh just before use. Fix the thin film with methyl alcohol 
before placing in the stain, being careful not to allow the alcohol to 
spread to the thick film. Allow to dry, and place the slide in the stain- 
ing solution for 45 minutes. Remove, and dip the slide two or three 
times in buffered water (pH 7.0). Then place in a container with buf- 
fered water of a depth sufficient to cover the thick smear only. Allow 
to remain for 3 minutes. Remove slide and stand on paper towel or 
newspaper and allow to air dry. Do not blot. 
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(2) Preparation of buffered water. (a) Distilled water may be neu- 
iralized in a number of different ways. For this purpose two buffer 
solutions have been adopted—M/15 anhydrous disodium phosphate 
(Na,HPO,) and M/15 sodium acid phosphate (NaH,PO,:-H,O). These 


are made up as follows: 


Gm per liter 
M/15 NazHPO, 20,9) ele \ere lon expe ars 9) oie te, e 8) 0.0 ¥1058 We cay e- e.g wie'le. 6) wil J6: le, 06%) 9.5 
M/15 NaH.2PO,- SEAS FC eth he chs Khe adi hk Sous o aoaaaeemns 9.2 


Note. Each may be kept indefinitely in a Pyrex glass-stoppered bottle. 


(b) From these stock solutions the buffered water used in staining 
and rinsing the stained specimens is prepared. Always filter the buffers 
before adding the water to them. The buffered water is kept in well- 
stoppered glass bottles and made up fresh each week. The pH of the 
water is tested occasionally to check the accuracy of the buffer solutions. 

(c) The following proportions are used in buffering water at pH 7.0: 
M/15 Na,HPO,, 61.1 cc; M/15 NaH,PO,:H,O, 38.9 cc; and distilled 
water, 900 cc. 

(3) Preparation of Giemsa stain. (a) The ingredients are as follows: 


Gieniea: Sta : Gary powder) a6 G34 hoe i Gasaby «oo. nea ow ceabe eee 0.6 gm 
Whe thie leperleo tial sss Gare lecieetsAitcis. ook Gee ais sce & Hi omar sieted ee SM 50 cc 
Aol EAE. kd tek 6 cea oe ear Skee Sid PA OS Se ae Ck eee 50 cc 


(b) Chemically clean and absolutely dry glassware must be used. 
First measure out 50 cc of glycerine in a graduated cylinder. Put a 
small portion of the dry powder in a mortar, add a small amount of 
glycerine and grind thoroughly. Pour off this portion into a sterile flask 
and continue the above process until all the stain has been ground with 
glycerine. It is wise to save a portion of the glycerine for rinsing the 
mortar and pestle in order to remove the last bit of stain. Place the 
glycerine-dye mixture in a water bath (55-60° C.) for at least 2 hours, 
preferably all day. The mixture may be shaken slightly from time to 
time while it is in the water bath. 

(c) Measure out 50 cc of methyl alcohol in a graduated cylinder. 
Use a portion of this to rinse the remains of the glycerine and dye from 
the mortar and pestle, pouring back this portion into the alcohol in the 
cylinder. This alcohol must be well stoppered until used. 

(d) After removing the glycerine-dye mixture from the water bath, 
allow it to cool to room temperature and then add the methyl alcohol. 
Stopper tightly and age for from 10 days to 2 weeks. At the end of this 
period, filter the solution into chemically clean, absolutely dry bottles. 

(e) Test for the proper dilution, label, and store for future use. 

b. Rapp STAINING oF TuHIcK Fitms (Field. Reference—J. W. 
Fields, Trans. Royal Soc. Trop. Med. and Hy. Vol. 35, No. 1, July, 
1941). In this method, thick blood films are stained in such a manner 
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that the stained parasites and leucocytes are contrasted against a back- 
ground of laked hemoglobin. The differentiation of color is more clearly 
shown in the lower edge of the film toward which the hemoglobin has 
drained. 

In anemic blood the chromatoid and reticular residues of immature 
red cells are stained and should not be confused with malarial parasites. 
Reduced hemoglobin content of the blood increases the staining time to 
as much as 10 seconds in cases of severe anemia. 

(1) Preparation of films. The blood films should be about 2 cm in 
diameter, and not too thick. The films are ready to stain as soon as 
they are no longer obviously moist. Fixation is not necessary. Freshly 
prepared blood films stain better than those 1 or 2 days old. 

(2) Preparation of stains. 


Solution A: 
RvetiiulemetemitGe sci os tee See eae aay a ee Ke | 0.80 gm 
Mee EP OTIOAISE 6 0 bcs case iru cues ow k haw degerd 0.50 gm 
Paar oprrospnate - (anhydrous)... 5 cess cescecascc ccs 5.00 gm 
Potassium acid phosphate (anhydrous)...............eeeeeee 6.25 gm 
PE NOR en Xe oS nee ok ee ee ee eR eas 500 cc 
Solution B: 
Ia VEN etesechcs santa ts She Teh sae 5 Distancia Wagyterein alsibibrerorel@o'd oibiaes 6 ahets 1.00 gm 
Disodium phosphate (anhydrous)..... Se ae Ore Ore ee 5.00 gm 
Potassium acid phosphate (anhydrous)..............eeeeeees 6.25 gm 
Pa OPALCS 3a SE NE (ae x on aloo ace ae eeae Reweice 500 cc 


The phosphate salts are first dissolved in the distilled water, then the 
stain or stains are added. Solution of the azur B is aided by grinding 
in a mortar with a small quantity of the phosphate solution. The stains 
should be set aside for 24 hours, and after filtration they are ready for 
use. The same solutions may be used for many weeks without deteriora- 
tion, but the eosin solution should be renewed when it becomes greenish 
from a slight carry-over of methylene blue. 

(3) Method of staining. (a) Dip the film for 1 to 5 seconds into 
solution A. 


(b) Remove from solution A and immediately rinse by waving gently 
in clean water for a few seconds until the stain ceases to flow from the 
film and the glass of the slide is free from stain. 

(c) Dip for 1 to 5 seconds into solution B. 


1 The German equivalent of American azur B is Azure I. Should azur B be unobtainable, it 
is possible to prepare a methylene blue-azur mixture of undefined composition from medicinal 
methylene blue. Solution A in that case may be prepared as follows: 

Dissolve 1.3 gm of medicinal methylene blue and 5.0 gm of anhydrous Aieghtiee phosphate 
in 50 ce of distilled water. 

Bring the solution to a boil and then evaporate over a water bath almost to dryness; add 
6.25 gm of anhydrous potassium acid phosphate. 

Add 500 cc of distilled water, stir until the dye is completely daloived: and set aside 
for 24 hours. 

Filter before use. 
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Normal sized red cell with marginal ring-form trophozoite. 
Young signet-ring form trophozoite in a macrocyte. 
Slight older ring-form trophozoite in red cell showing basophilic stippling. 


. Polychromatophilic red cell containing young tertian parasite with pseudopodia. 


Ring-form trophozoite showing pigment in cytoplasm, in an enlarged cell con- 
taining Schuffner’s stippling. 
7. Very tenuous medium trophozoite forms. 


. Three ameboid trophozoites with fused cytoplasm. 


11, 12, 13. Older ameboid trophozoites in process of development. 
Two ameboid trophozoites in one cell. 

Mature trophozoite. 

Mature trophozoite with chromatin apparently in process of division. 


17, 18, 19. Schizonts showing progressive steps in division (“presegmenting 
schizonts”). 


20. Mature schizont. 

21, 22. Developing gametocytes. . 
23. Mature microgametocyte. 

24. Mature macrogametocyte. 


Figures 37, 38, and 39 are reproduced from Bulletin No. 180 of the National 
Institute of Health, Bethesda, Maryland. 


Schuffner’s stippling does not appear in all cells containing the growing and older 
forms of P. vivax as would be indicated by these pictures, but it can be found with 


any 
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stage from the fairly young ring form onward. 


Figure 37. Development of malarial organism: Plasmodium vivax. 
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Development of malarial organism: Plasmodium vivax. 


Figure 37. 


(d) Rinse by waving gently for 2 or 3 seconds in clean water. 
(e) Place vertically against a rack to drain and dry. 


451. Examination of Films 
a. COMBINED THICK AND THIN Fi_m. The following paragraphs 
are quoted from Wilcox’: 


Of the two types of films, the thin film and the thick film, each has its 
place. It is much simpler for a beginner to distinguish the various forms 
on the thin smears where the characteristics of the red blood cells can 
be examined also. The thick film is a concentration method, the purpose 
of which is the diagnosis of malaria rather than the study of its para- 
sites; so the microscopist must be familiar with the normal constituents 
of blood and with the morphology of the malarial parasites as demon- 
strated in the thin film, before attempting to examine thick films. One 
must take into consideration that the difference in the two techniques 
lies in the fact that the hemoglobin of the red cells is removed in the 
thick film staining process and that the outlines of red cells are thus 
obliterated. This leaves only a light blue or nearly colorless background 
against which clearly stand out the purple nuclei of the white cells, the . 
purplish pink of the blood platelets and the characteristically stained 
parasites. There are two signals which attract the attention of the mi- 
croscopist when examining either a thick or thin film for parasites. These 
are the purplish red or magenta color of the chromatin and the black 
or brown granules of the pigment. The blue of the cytoplasm, while 
not so obvious, is easily seen upon closer examination. After practice, 
the outlines of the red cells are not necessary as a guide, and one readily 
recognizes the characteristic shapes and colors of the parasites in thick 
films. 

Frequently in a thick film the ring forms are not complete, i.e., only 
the chromatin dot with a portion of the cytoplasmic circle is visible. 
With searching, however, particularly around the edge of the smear, 
one usually finds forms that are typical and learns to identify the less 
characteristic forms. Sometimes, in slightly old or not very well stained 
specimens, one will find pigment alone or pigment associated in some 
instances only with cytoplasm, but such experiences are rare in clean 
preparations and are not evenly distributed throughout the smear as 
parasites may be. Artefacts, which may deceive the inexperienced, will 
be found frequently to lie above the blood plane. They may be refractile 
or may focus out’ of the field unevenly. According to Barber and Komp, 
a good general rule is not to consider anything a parasite which can be 
interpreted as an artefact. 

In thick films at least a hundred microscopic fields are examined and 
the search is prolonged if anything suspicious of parasitism is seen. In 
thick films the suspicious things may be clumps of pigment, chromatin- 
like bodies, or an increased number of reticulocytes. These stain very 
nicely with Giemsa stain in the thick film technique and appear as a 
clear blue reticulum, though without a cell wall. In thin films one may 
suspect malaria if one sees clumps of pigment in the leucocytes, chro- 
matin-like bodies in the red cells, increased polychromatophilia, baso- 


2 The Malaria Parasites of Man—mimeographed notes for class use, not published. 
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1. Young ring-form trophozoite of quartan malaria. 


2, 3, 4. Young trophozoite forms of the parasite showing gradual increase of 
chromatin and cytoplasm. 


5. Developing ring-form trophozoite showing pigment granule. 
6. Early band-form trophozoite—elongated chromatin, some pigment apparent. 


7, 8, 9, 10, 11, 12. Some forms that the developing trophozoite of quartan may 
take. 


13, 14. Mature trophozoites—one a band form. 


15, 16, 17, 18, 19. Phases in the development of the schizont (“presegmenting 
schizonts”’). 


20. Mature schizont. 

21. Immature microgametocyte. 
22. Immature macrogametocyte. 
23. Mature microgametocyte. 
24. Mature macrogametocyte. 


Figure 38. Development of malarial parasite: Plasmodium malariae—Continued. 
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Figure 38. Development of malarial parasite: Plasmodium malariae. 
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philic stippling, central achromia of the red cells, variation in size and 
shape of the red cells, or nucleated red cells. In the differential count, 
the leucocytes, which are usually decreased in number, may present an 
increase in large monocytes and an immaturity of neutrophiles. A leuco- 
cytosis does not exclude malaria, however, as the leucocyte count may 
rise during the febrile period or with some complicating factor, such as 
pneumonia. 


The thick film has its advantages. It has been proved by experience 
that the thick film may increase by fifty percent the number of positives 
found in clinical cases. It is particularly valuable in finding the parasites 
of light infections or chronic cases. It concentrates a comparatively 
large amount of blood in a very small area, thus speeding examination. 
Im indexes from endemic regions, one hundred to one hundred twenty- 
five microscopic fields per slide are examined and experience has shown 
that the first parasite is usually found within the first twenty to thirty 
fields. The experienced technician can examine one hundred fields. on 
a good thick film in three or four minutes, whereas at least thirty min- 
utes is spent on a thin film before calling it negative. 


b. Microscopic EXAMINATION. To examine preparations made for 
malarial diagnosis, use the oil-immersion objective. Malarial parasites 
are best seen when the light coming through the substage is slightly re- 
duced. The proper amount of light may be obtained by moving the slide 
until a blood platelet is centered in the field, then adjusting the substage 
so that the maximum definition of its morphological detail is obtained. 
Greater intensity of light may be preferred at times to distinguish 
colors more easily. In searching for the parasites, cover the slide in an 
orderly manner, moving back and forth over the smear so as not to re- 
peat any field previously examined. Never make a diagnosis on the first 
parasite found; cover enough of the slide so that if two species of ma- 
larial parasites are present you will find them. If in doubt about any 
single abnormal parasite, remember that where there is one malarial 
parasite there are bound to be more, and careful search will usually re- 
veal an easily recognizable form. When the technician has determined 
the presence of malarial parasites he should submit the slide to the 
laboratory officer for confirmation. No positive reports for malarial 
parasites should leave the laboratory except those slips signed by a 
responsible officer. If no officer is available and you are sure there are 
malarial parasites present, report as a suspected positive. Save the slide 
for final confirmation at a later date. 

c. UsE oF WRIGHT’S STAIN. Satisfactory slides may be obtained with 
this stain in the event that Giemsa’s stain is not available. But since 
Wright’s stain is alcohol soluble, the fixing and laking processes must 
be reversed. First lake the thick film by immersing it in distilled water 
for about 30 seconds, or until the hemoglobin ceases dissolving out. Then 
stain the entire slide with Wright’s stain; the thin film need not be fixed 
in advance. 
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1, Very young ring-form trophozoite. ‘ 


2. Double infection of single cell with young trophozoites, one a marginal form, 
the other a signet-ring form. 
Ba 4, Young trophozoites showing double chromatin dots. 
5, 6, 7. Developing trophozoite forms. 
8. Three medium trophozoites in one cell. 
9. Trophozoite showing pigment, in a cell containing Maurer’s spots. 
10, 11. Two trophozoites in each of two cells, showing variation of forms that 
parasites may assume. 
12. Almost mature trophozoite showing haze of pigment throughout cytoplasm; 
Maurer’s spots in the cell. 
13. Aestivoautumnal “slender forms”. 
14. Mature trophozoite, showing clumped pigment. 
15. Parasite in the process. of initial chromatin diversion. 
16, 17, 18, 19. Various phases in the development of the schizont (“presegmenting 
schizonts’’). 
20. Mature schizont. 


21, 22, 23, 24. Successive forms in the development of the gametocyte usually not 
found in the peripheral circulation. 
25. Immature macrogametocyte. 


26. Mature macrogametocyte. 
27. Immature microgametocyte. 


28. Mature microgametocyte. 


Figure 39. Development of malarial parasite: Plasmodium falciparum. 
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Figure 39. Development of malarial parasite: Plasmodium falciparum. 
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d. STAINING SLIDES IN GROUPS. Groups of combined thick and thin 
preparations can be stained simultaneously with Giemsa’s stain. Thin 
pieces of cardboard the size of a slide label are placed between the slides 
at the thin-film end and the slides are tied together with string in groups 
of 25. The staining procedure is then followed exactly as recommended 
for single slides. The portions of the thin films that are covered by the 
cardboard will not be stained; however, inasmuch as a greater number 
of parasites tend to occur at the end of the thin smear rather than at 
the beginning, satisfactorily stained specimens are obtained. 
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CHAPTER 14 
HELMINTHOLOGICAL METHODS 


Section |. CLASSIFICATION 
452. General 


a. The helminths likely to infect the soldier may be classified in three 
main groups: flukes (trematodes), tapeworms (cestodes), and round- 
worms (nematodes). 

(1) Adult flukes and tapeworms are usually flat and are grouped in 
the phylum Platyhelminthes. Adult flukes superficially resemble leeches 
in appearance although they are in no way related to this group. On the 
other hand, adult tapeworms are ribbonlike, with a long series of seg- 
ments set behind a very small head and neck. 

(2) The roundworms (also called threadworms) are grouped in the 
phylum Nemathelminthes. Many of the small forms resemble bits of 
thread, but in the large forms the wormlike character is more evident. 

b. The life cycles of many parasitic helminths are complicated since 
they frequently involve several hosts. Lack of space prohibits more 
than a general account of the life cycles in this group. (See tables L 
and LI.) For details of the individual life cycles of these and other 
parasitic forms, the medical soldier is referred to standard works in 
the fields, 


453. General Considerations for Laboratory Diagnosis 

a. Worms living in various parts of the body may cause pathologic 
changes with the appearance of certain clinical symptons. Some cases 
of helminthic infection may be diagnosed by clinical symptons alone but 
it is always more reliable if the parasite itself (in any stage—egg, larva, 
or adult), or a part of the parasite, can be demonstrated. In many cases 
identity of the adult helminths is difficult to determine, and some of the 
larval forms are even more difficult. The eggs of the various species, 
however, are usually sufficiently distinctive to serve as an excellent 
means of diagnosis in routine laboratory procedure. 

b. The life history or life cycle of each parasite governs the type of 
material to be identified and its source. Most species can be diagnosed 
by finding their eggs in the host’s feces. A brief statement for each 
species will be given in the following section and grouped according to 
the medium or site to be considered in laboratory diagnosis. Many of 
the diagnostic stages are illustrated in figure 40. 
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Table L. Hosts of human helminths 
FINAL HOST—MAN 


Parasite 1st intermediate host 2d intermediate host 

Flukes: 

Blood flukes Snails None 

Other flukes. Snails Fish or crustacea; 

aquatic plants.! 

Tapeworms: 

Broad fish tapeworm | Copepods (Cyclops, etc.) Fish 

Beef tapeworm Cattle None 

Pork tapeworm Hogs and man? None 

Rat tapeworm Fleas, beetles, etc. None 


(H. diminuta) 


Roundworms: 

Guinea worm Copepods (Cyclops, etc.) None 

(D. medinensis) 

Filarioidea Blood-sucking insects None . 

” 
INTERMEDIATE HOST—MAN 
Parasite Final host 

Tapeworms: 

Sparganum and related forms Dog, cat, etc. 

Pork tapeworm (Cysticercus cellulosae)? Man 

Hydatid worm (E. granulosus) Dog 
Roundworms: 

Trichinella spiralis Rats, hogs, man 

NO INTERMEDIATE HOST 

Tapeworms: 

Dwarf tapeworm (-7. nana) 
Roundworms: 

Pinworms 

Whipworm 

Ascaris 

Hookworm 

Strongyloides 


1 Serve as equivalent of a 2d intermediate host. 
2 Man may serve as both intermediate and final host. 


Figure 40. Helminths (diagram of diagnostic material). 
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Figure 40—Continued 


(Note. A, egg of the whipworm (Trichocephalus trichiurus); B, egg of the 
pinworm (Enterobius vermicularis); C, egg of the broad fish tapeworm (Diphyl- 
lobothrium latum); D, egg of the dwarf tapeworm (Hymenolepis nana); E, egg 
of the Chinese liver fluke (Clonorchis sinensis); F, G, and H. fertilized, unfertil- 
ized, and decorticated eggs, respectively, of the large intestinal roundworm (Ascaris 
lumpricoides); 1, egg of hookworm (Necator americanus or Ancylostoma duode- 
nale); J, forepart of rhabditoid larva of hookworm showing long buccal cavity. . 
Compare with short buccal cavity of rhabditoid larva of Strongyloides stercoralis ; 
K, L, egg of either of the pork tapeworm (Taenia solium) of the beef tapeworm 
(Taenia saginata); M and N, gravid segments of the pork and beef tapeworms, 
respectively, showing difference in the number of uterine branches (fewer than 15 
in pork tapeworm, more than 15 in beef tapeworm); O, egg of hookworm show- 
ing fully developed embryo (commonly found in constipated stools of hookworm 
patients) ; P, egg of the oriental lung fluke (Paragonimus westermani); Q, egg of 
the oriental blood fluke (Schistosoma japonicum); R, egg of Manson’s blood fluke 
(Schistosoma mansoni); S, egg of the vesical blood fluke (Schistosoma hema- 
tobium); T, egg of the sheep liver-fluke (Fasciola hepatica) or the large intestinal 
fluke (Fasciolopsis buski). (Approximate magnifications, E X600; M and N, X3; 
all others X300.) ) 


Table LI. Methods of entry of helminths into man 


Larvae penetrate skin Organisms ingested 
Terrestrial Aquatic As egg As encysted larva 
By fecal comtam- By swimming By fecal contam- In food: 
ination: larvae: ination: Broad fish 

Hookworm Blood flukes . Whipworm tapeworm 
Strongyloides Pinworm Trichinella 
Ancylostoma Ascaris Liver flukes . 

braziliense Intestinal flukes 

Lung flukes 


Beef tapeworm 
Pork tapeworm 


By insect bites: 
All Filarioidea 


Sparganum 
By accidental BE stron saci 
contact: 
Sparganum In water: 
’ Dracunculus in 
copepods. 


Section Il. IMPORTANT.PATHOGENIC. SPECIES 
454. Helminths in Feces 


a. Manson’s Bioop Fituxe (Scuistosoma MAnsontr) (R, fig. 40). 
Infection is acquired by swimming or wading in water containing the 
infective larval stage. These larvae (cercariae) penetrate the skin and 
enter the blood stream. The adults usually inhabit the mesenteric vessels 
draining the large bowel. This species is distributed in parts of Africa, 
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particularly the Nile delta and a large equatorial section extending east 

and west to both coasts; it is also found in Dutch Guiana, Venezuela, 
Northern Brazil, Puerto Rico, and several of the lesser Antilles. Labo- 
ratory diagnosis: eggs (115-175 mu) usually in feces,—rarely in urine, 
—are medium thick-shelled with a very pronounced lateral spine and 
contain a fully formed miracidium when passed. 

b. ORIENTAL BLoop FLUKE (ScHIsTosomA JAPONICUM) (Q, fig. 40). 
Infection is acquired by the same means as Manson’s blood fluke. Adults 
of this species also inhabit the mesenteric vessels draining the large 
bowel. This fluke is confined to the Orient—Central China (principally 
in the Yangtze Valley) and to a lesser extent South China, Japan, Cen- 
tral Formosa, the Philippines, and the Celebes. Laboratory diagnosis: 
eggs (70-100 x 55-70 mu) in feces have a heavy shell with a small 
lateral depressed hook, which may look like a knob, and contain a fully 
formed miracidium. 

c. VESICAL FLUKE (ScuHIstosoma IH1AEmoToBiuM) (S, fig. 40). Eggs 
sometimes seen in feces. 

d. Larce IntTestrinaL FLuKe (Fasciotopsis Busx1) (T, fig. 40). 
Infection is acquired by accidental ingestion of infective larval cysts 
(metacercariae), usually while eating pods, stems, roots, or bulbs of water 
plants, or in peeling water chestnuts with the teeth. The adults inhabit 
the duodenal region of the small intestine. The distribution is limited 
to the Orient; they are found particularly in Checkiang Province of 
Central China and to a lesser extent in South China and French Indo- 
China. Laboratory diagnosis: eggs (130-140 x 80-85 mu) in feces are 
commonly ellipsoidal in shape but are irregular both in size and shape, 
have a medium-thick wall with a small lid or operculum on one end and 
contain a single fertilized cell surrounded by a mass of yolk cells. 

e. SHEEP Liver FLUKE (Fasciotra Hepatica) (T, fig. 40). This 
has a world-wide distribution in sheep and cattle but is uncommon in 
man. Laboratory diagnosis: eggs in feces closely resemble those of F. 
buski. 

f. CHINESE LIVER FLUKE (CLONoRCHIS SINENSIS) (E, fig. 40). In- 
fection is acquired by ingestion of encysted larvae (metacercariae) while 
eating raw (infected) fresh-water fish. Adults live in the bile passages 
of the liver and eggs pass down the bile ducts. Distribution is confined 
to the Sino-Japanese area of Orient; they are particularly common in 
Kwangtung Province in South-China, northern French Indo-China, 
Southern Korea, and a few localized areas in Japan. Laboratory diag- 
nosis: eggs (28-35 x 12-20 mu) in feces are thick-shelled with pro- 
nounced shoulders protecting the operculum at the smaller end and con- 
tain a fully formed miracidium, 
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g. Cat Liver FLUKE (OPISTHORCHIS FELINEUS). This form is closely 
related to C. sinensis in morphology and life history. It occurs in man 
along the east coast of the Baltic Sea inland through northern U.S.S.R., 
particularly in Siberia. It is relatively rare in man in the Orient so that 
there is little chance of confusing its eggs with those of C. sinensis. 
Laboratory diagnosis: eggs (29 x 12 mu) in feces are similar to those 
of C. sinensis; they differ from the latter primarily by being more slen- 
der and having an even more pronounced shoulder protecting the oper- 
culum. ; 

h. SMALL INTESTINAL FLUKE (METAGONIMUS yokKOGAWAI). Man 
becomes infected by eating uncooked fish containing the metacercaria. 
The adults live in the small intestine and are comparatively harmless ex- 
cept in very heavy infections. They are commonly found along the Pa- 
cific Coast of Asia from South China north and in Japan and Formosa. 
Laboratory diagnosis: eggs (26-28 x 15-17 mu) in feces have thick 
shell with large operculum without pronounced shoulders and contain 
living miracidium. 

i. SMALL INTESTINAL FLUKE (HETEROPHYES HETEROPHYES). This 
fluke is similar to M. yokogawai. Although less common in the Orient, 
it is found in South and Central China, Korea, Japan, Formosa, and, 
to a lesser extent, the Philippines; it is quite frequent in the Nile Delta 
of Egypt. Laboratory diagnosis: eggs (28-30 x 15-17 mu) similar to 
those of M. yokogawai but slightly longer. 

j. ORTENTAL LUNG FLUKE (PARAGONIMUS WESTERMANI). See para- 
graph 458. 

k. BroaD Fish TAPEWorRM (DIPHYLLOBOTHRIUM LATUM) (C, fig. 
40). This tapeworm is acquired by eating raw-or insufficiently cooked 
fresh-water fish infected with the larval form (pleroceroid). The adults 
inhabit the small intestine, where they lay eggs. Infection is particularly 
common in Finland and other countries bordering on the Baltic. It is 
also found in certain places in Siberia, Manchuria, Japan, Russian Tur- 
kestan, and Rumania. It has been reported from the Swiss lake regions 
and has been introduced into the Great Lakes region of the United 
States and Canada and into northern Florida. Laboratory diagnosis: 
eggs (70 x 45 mu) in feces have a moderately thick shell with a small 
but discernable operculum and contain an embryo in the early cleavage 
stages. : 

l. Beer (UNARMED) TAPEWORM (TAENIA SAGINATA) (L and N, fig. 
40). This is the commonest human tapeworm. It is acquired by eating 
insufficiently cooked beef that contains the larval form (cysticercus). The 
adults inhabit the small intestine. Distribution is cosmopolitan. Labora- 
tory diagnosis: gravid proglottids (segments) in feces have a central 
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uterine stalk with 15 to 40 lateral branches; eggs (30-40 mu), within 
the uterus are round or ellipsoidal, have a heavy radially striated sheil 
and contain an embryo with six hooks (onchosphere) ; eggs rather than 
proglottids may occur in the feces occasionally, but proglottids can be 
expelled by using a saline cathartic. 

m. PoRK (ARMED) TAPEWORM (TAENIA SOLIUM) (L and M, fig. 
40). This tapeworm has a comparatively rare but world-wide distribu- 
tion. Two types of human infection may occur. The more common is 
with the adult, acquired by accidentally ingesting infective larval forms 
(cysticercus) with insufficiently. cooked infected pork. The adults usu- 
ally inhabit the small intestine. Less frequently, man serves in place otf 
the intermediate host for this tapeworm by ingesting the eggs. The re- 
sulting cysticerci may develop in the skeletal musculature but just as 
commonly in the brain, where they give rise to a serious condition, often 
with symptoms of Jacksonian epilepsy. Diagnosis of cysticerci is diffi- 
cult, and is usually not attempted in the routine laboratury unless the 
cysts are located in superficial tissues, whence they may be excised and 
examined. X-ray films are helpful in diagnosing calcified cysts located 
in vital centers. A history of infection with the adult worm is sugges- 
tive since it is possible to ingest the eggs from one’s own feces. Labo- 
ratory diagnosis: proglottids in feces similar to those of T. saginata ex- 
cept that there are fewer lateral branches (6-15) on the central uterine 
stalk and these branches may terminate into dendritic branching; eggs 
are indistinguishable from those of 7. saginata and occur in feces under 
the same circumstances. 

n. DwarF Tapeworm (HyMENOLFPIS NANA) (D, fig. 40). This 
parasite, worldwide in distribution, is the commonest tapeworm in the 
southern United States. Infection is acquired by infestion of eggs. The 
adults inhabit the small intestine. No intermediate host is necessary, and 
the person harboring the infection can readily reinfect himself by acci- 
dentally ingesting eggs evacuated in his own feces. Laboratory diagnosis: 
eggs 37-47 mu) in feces are round or ellipsoidal and have a thin shell 
within which the small hexacanth larva (onchosphere) appears to be 
suspended by polar filaments radiating from two opposite poles. 

o. Rat TapEworM (HyYMENOLEPIS DIMINUTA). This is a rare tape- 
worm of man. Eggs resemble those of H. nana but may be distinguished 
by their larger size and the absence of polar filaments. 

p. Human PrInworM oR SEATWORM (ENTEROBIUS VERMICULARIS, 
SYN. Oxyuris vERMIcULAIS) (B, fig. 40). Infection is acquired by 
ingestion of embryonated eggs. The eggs are usually embryonated when 
deposited by the female. The adults live in the cecum, appendix, the 
adjacent parts of the large and small intestines. The gravid females usu- 
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ally pass out through the anus and deposit eggs on the perianal and peri- 
neal folds. Eggs are not commonly deposited in large numbers in the 
bowel, and in examining for evidence of pinworm infection, ordinary 
fecal examination will not suffice. The distribution of this infection is 
world-wide. Laboratory diagnosis: eggs (50-55 x 20-30 mu) obtained 
by perianal scraping (NIH swab, par. 459e) are thin-shelled, ellipsoidal 
and flattened on one side and contain an embryo in the advanced morula 
stage (solid mass of cells) or early wormlike stage; eggs or adult females 
are occasionally seen in feces. 

gq. HumMAN Wutpworm (TRICHURIS TRICHIURA, SYN. TRICHOCEPH- 
ALUS TRICHIURUS) (A, fig. 40). This common intestinal roundworm is 
acquired by ingestion of embryonated eggs. Adults usually live in the 
cecum, but may be found in other parts of the large bowel and even in 
the appendix. There is a world-wide distribution. Laboratory diag- 
nosis: eggs (50-55 x 22-24 mu) in feces are barrel-shaped with a double 
shell, the outer one being yellowish brown; the egg has transparent 
“plugs” at each end and contains a single large fertilized cell surrounded 
by yolk. 

r. LARGE INTESTINAL RouNDWoRM (ASCARIS LUMBRICOIDES) (F, G, 
and H, fig. 40). The larvae which hatch from these eggs in the small 
intestine penetrate through the gut wall and migrate via the blood stream 
to the lungs and from there up the trachea and back down the esophagus 
to mature in the small intestine. This is one of the commonest worm 
parasites of man and has a world-wide distribution. Laboratory diag- 
nosis: eggs (50-60 x 35-45 mu) in feces are usually broadly oval with 
a heavy shell surrounded by an outer albuminous, mammillated cover- 
ing, which may sometimes be lacking; the egg contains a single large 
fertilized cell and numerous yolk granules; eggs which lack the albu- 
minous mammillated coat are said to be decorticated; unfertilized eggs 
are longer (88-94 mu) but have a thinner shell, which may or may not 
have the outer mammillated coat. 

s. Hookworm (NECATOR AMERICANUS OR ANCYLOSTOMA DUODENALE) 
(1, J, and O, fig. 40). Infection is acqquired by invasion of infective 
(filariform) larvae through the skin. The adults usually live attached 
to the mucosa of the small intestine. It is distributed in warm, moist 
tegions throughout the world. For the most part, however, the Ameri- 
can hookworm (Necator americanus) is found in the Western Hemi- 
sphere and in the middle and southern two-thirds of Africa; whereas 
the Old-World hookworm (Ancylostoma duodenale) is usually found 
in Europe and in the northern third of Africa. In Asia, the East Indies, 
and Australia both species of hookworm are encountered. Laboratory 
diagnosis: eggs (55-65 x 35-40 mu) in the feces have a thin shell and 
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are in the early cleavage stages (4-8 cells) that do not completely fill 
the egg, leaving a clear space, particularly at the ends. 

t. STRONGLYOIDES STERCORALIS (K, fig. 40). Infection is acquired 
by the invasion of infective (filariform) larvae through the skin, or by 
accidental ingestion of these larvae. In either event the larvae enter the 
blood stream and reach the alimentary tract indirectly via the respira- 
tory tree. The females usually inhabit the walls of the duodenum and 
upper jejunum. The eggs are laid and hatch in the tissues, the larvae 
(rhabditoid larvae) migrating into the intestinal lumen and passing out 
in the host’s feces. Sometimes these larvae, which are normally not 
infective, may transform into the infective type (the filariform larvae) 
during their transit in the intestine. These infective larvae may invade 
the tissues of the lower bowel producing reinfection. The parasite is 
distributed in warm, moist regions throughout the world. Laboratory 
diagnosis: active rhabditiform larvae (0.4-0.5 mm long) in fresh, cleanly 
collected feces are presumptive evidence of infection with Strongyloides ; 
distinguishing the buccal cavity, which is shorter than the width of the 
worm at that point, is confirmatory. Further confirmation may be ob- 
tained by culturing the material in equal parts of feces and moist char- 
coal or sterile sand at room temperature to obtain the filariform (infec- 
tive) larvae in 2 days; these may be isolated by suspending the culture 
in a thin cloth in warm water, whereupon the larvae will settle down and 
can be identified (under a microscope) by the notched tail. Repeated 
examinations are frequently necessary. 


455. Helminths in Blood 

a. BANCROFT’s FILARIA (WUCHERERIA BANCROFTI). Infection is ac- 
quired during the bites of infected mosquitoes. Adults normally inhabit 
the lymphatic vessels and the lymph nodes, microfilariae probably being 
deposited in these places and carried into the blood stream. They are 
distributed throughout the world in tropical and subtropical regions. 
Laboratory diagnosis: sheathed microfilariae (250-300 mu long), in thick 
or thin blood smears, that are usually most plentiful in peripheral blood 
from 10 PM to 2 AM. 

b. WuCHERERIA MALAYI. This form is closely related to W. bancrofti 
and like the latter utilizes a mosquito as the intermediate host. It is 
common in many parts of the Dutch East Indies and is also found in 
India and China. Laboratory diagnosis: sheathed microfilariae (170- 
230 mu long), in thick or thin blood smears, that show nocturnal peri- 
odicity. 

c. Eye Worm (Loa toA). Infection is acquired during the bite of 
the infected mango fly (Chrysops). The adults move about in the sub- 
cutaneous and deeper cutaneous tissues, microfilariae being discharged 
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into the passages produced during these migrations. This parasite is 
widely distributed in central West Africa. Laboratory diagnosis: 
sheathed microfilariae (250-300 mu long), in thick or thin blood smears, 
that show diurnal rather than nocturnal periodicity. 

d. PERSISTENT FILARIA (ACANTHOCHEILONEMA PERSTANS).  Infec- 
tion is acquired during the bite of the infected “punkie’” (Culicoides 
austeni, and possibly C. grahami). Adults live in the body cavities and 
associated tissues, including mesentery, pleural cavity, etc. They are 
distributed in Africa, South America, and the East Indies. Laboratory 
diagnosis: unsheathed microfilariae (about 200 mu long), in thick or thin 
blood smear, that show no periodicity. 

e. MANSONELLA 02zARDI. Human infection is acqquired from the bite 
of the infected sandily, Culicoides furens. The adult lives in the body 
cavity and the disease is usually asymptomatic. It is found in northern 
South America, Panama, and the Yucatan peninsula of Mexico and has 
also been reported from the West Indies. Laboratory diagnosis: un- 
sheathed microfilariae (about 185 mu long) in thick or thin blood smears, 
that show no periodicity. 

f. Microfilariae of the pathogenic species inhabiting the blood should 
be carefully differentiated from the harmless varieties; detailed descrip- 
tions are available in medical text books. The technic for the examina- 
tion of blood is given in chapters 2 and 6. 


456. Helminths in Other Tissues 

a. Hypatip Worm (EcuINococcUs GRANULOsUS). Hydatid disease 
is infection with the larval stage of a dog tapeworm (Echinococcus gran- 
ulosus). Human infection is acquired by accidental ingestion of eggs. 
The larval form (hydatid) develops from the egg and may encyst in 
various organs, particularly the liver and the lungs. Hydatid disease is 
found chiefly associated with sheep raising in Iceland, South America, 
Australia, and South Africa. It is seen throughout Central Europe and 
the Mediterranean areas of Europe, Africa, and Asia, and has been re- 
ported from the United States. Laboratory diagnosis: the most accu- 
rate diagnosis of hydatid cysts involves the use of the intradermal reac- 
tion (Casoni test). 

b. CySTICERCUS CELLULOSAE (TAENIA SOLIUM). See paragraph 454m. 


c. SPARGANUM. Under the term “sparganosis” is grouped infection 
with the larval forms sparganum stages) of certian tapeworms. In most 
cases the adults are unknown, but the most common sparganum of man 
(Sparganum mansoni) is, in the adult stage, a tapeworm of dogs and 
cats. The spargana are found in the subcutaneous and ocular tissue of 
man where, particularly in the latter region, they may produce intense 
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pain and tissue reaction. Infection may be acquired by poulticing an 
inflamed surface of the body with the infected flesh of a cold-blooded 
vertebrate (for example, frogs). The great majority of cases of human 
sparganosis have been reported from the Orient, but sporadic cases have 
appeared in other parts of the world, including the United States. Labo- 
ratory diagnosis: this is based on the. excision of the spargana from the 
site of infestation. 


d. TRICHINA WorM (TRICHINELLA SPIRALIS). Infection is acquired 
by eating insufficiently cooked pork that is infected with the encysted 
larvae. The females deposit larvae in the lymphatics of the duodenum 
and upper jejunum, perhaps also in the mesenteric veins. Larvae are 
carried to all parts of the body and migrate and encyst in striated mus- 
cles. Infections are distributed chiefly in the United States and Central 
Europe, rarely reported from parts of Africa and South America. Labo- 
ratory diagnosis: this usually is based on an intradermal test or a pre- 
cipitin test, or on recovery of larvae in excised muscle. An eosinophilia 
rising sharply within a short time after onset of the illness is suggestive. 


e. CONVOLUTED FILARIA (ONCHOCERCA VOLVULUS). Infection is ac- 
quired during the bite of the blood-sucking black fly (Stmulium) infected 
with the larval forms. Adults usually live in tumors in subcutaneous 
or connective tissues and deposit larvae inside of these nodules; they are 
distributed in Central Africa, western Guatemala, and southern Mexico. 
Laboratory diagnosis: this is based on demonstration of adults or micro- 
filariae from excised nodules. 


f. GuINEA Worm (DRACUNCULUS MEDINENSIS). Infection is ac- 
quired by ingestion of infected small crustaceans (Cyclops) in raw drink- 
ing water. Adults develop in the viscera or in the subcutaneous tissue 
and, when mature, usually migrate to the subcutaneous tissue of the leg 
below the knee. A blister develops on the skin just below the head of 
the worm; after a few days this blister bursts, and on contact with fresh 
water, the worm deposits larvae into the water through the ruptured 
blister. It is common in certain regions of Central Africa north of the 
equator and the eastern half of India and it is also found in scattered 
foci in Arabia, Iran, Russian Turkestan, and Afghanistan. Laboratory 
diagnosis: this is based on finding the worm under the skin when local 
lesions have developed. 


g. ANCYLOSTOMA BRAZILIENSE. This species is a tropical hookworm 
of dogs and cats. The larvae penetrate the superficial layer of the human 
skin on contact, but since they cannot penetrate the blood vessels, they 
migrate in the epidermis producing a “creeping eruption.” Many human 
cases of creeping eruption have been reported from the southern United 
States, but cases are likely to be encountered wherever animals harbor 
the adult hookworm. 
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457. Helminths in Urine 

a. VESICAL BLoop FLUKE (SCHISTOSOMA HEMATOBIUM) (S, fig. 40). 
Infection is acquired by the same means as with Manson’s blood fluke. 
Adults of this species inhabit the portal blood and vesical plexuses ; they 
are distributed extensively in Africa. Laboratory diagnosis: eggs (110- 
170 x 40-70 mu) in urine, occasionally in feces, are moderately thick- 
shelled with a pronounced terminal spine and contain a fully developed 
miracidium. . 

b, SCHISTOSOMA MANSONI. The eggs are sometimes found in the 
urine. (See par. 454a.) 


458. Helminths in Sputum—Oriental Lung Fluke (Paragonimus 
westermani) (P, fig. 40) 

Infection is acquired by consumption of raw crabs and crayfish har- 
boring the metacercariae. The adults are usually found in cysts of the 
lung, although they occur in other sites. The principal foci are in Korea, 
Formosa, Japan, and Central China. Laboratory diagnosis: eggs (80- 
120 x 50-60 mu) in sputum( or in feces, are thick-shelled and ellipsoidal- 
shaped, with a large operculum on one end, and contain a single fertil- 
ized cell surrounded by yolk cells. 


Section Ill. METHODS OF EXAMINATION 
459. Feces 


a. DtrecT Smear. This is the oldest, simplest, and most widely appli- 
cable method of fecal examination. Use microslide or double cover slip 
method. (See par 437a.) For the most part worm infections heavy 
enough to be of. clinical significance can be detected by direct smears, 
provided it is a species in which microscopical stages are ordinarily found 
in the feces. 

b. SimpLE Froration Tecunics. (1) Either a solution of salt (so- 
dium chloride) or sugar may be used, and both are generally available. 
Stock solutions are prepared as follows: 

(a) Salt. Bring water to boil in the presence of an excess of salt; 
the supernatant after cooling has a specific gravity of 1.198. This satu- 
rated aqueous solution is satisfactory for the ova of hookworm, Ascaris, 
whipworm, and the dwarf tapeworm. 

(b) Sugar. Two pounds (910 gm) of sugar to 1,125 cc of water, 
heated to get the sugar in solution, produces a levitating fluid with a 
specific gravity of about 1.200. This solution is satisfactory for the ova 


mentioned previously, as well as for protozoan cysts; it will sometimes 
688862°—46—33 
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raise the rhabditiform larvae of Strongyloides and the ova of Schistosoma 
mansoni, although distortion may be expected in the latter cases. 

(2) Fresh feces may be mixed with either fluid, and after standing 
for 10 or 20 minutes the eggs will be on the surface and should be trans- 
ferred to a slide. This may be done with a large (10-15 mm) wire loop, 
or by allowing them to float up against a slide or cover glass placed over 
the lips of the container which has been filled with the fecal mixture so 
that the fluid surface will contact the cover glass or slide. 

c. ZINC SULFATE CENTRIFUGATION FLOTATION TECHNIc. This is 
nearly as effective for floating ova, and for practical purposes in a diag- 
nostic laboratory it may be considered just as effective. It has the ad- 
vantage that it may float trematode eggs also. (See par. 437b.) 

d. ACID-ETHER TECHNIC has been shown to be efficient and practicable 
for the demonstration of S. mansoni and S. japonicum eggs. About 1 gm 
of fecal material (about the size of a pea) is thoroughly emulsified in 
5 cc of 40 percent HC1 (40 cc concentrated HC’ diluted to 100 cc in 
a small vial. The material is filtered through two layers of moist gauze 
stretched over the top of a 50 mm funnel into a 15 cc centrifuge tube. 
An equal quantity of ether is added and the tube is stoppered with a 
gloved finger and shaken thoroughly. It is then centrifuged for 1 minute 
at 1,500 rpm. On removal from the centrifuge, the debris floating at 
the acid-ether junction is loosened by ringing with a clean applicator and 
the acid and ether layers are rapidly poured off and discarded. The 
same applicator is then used to stir the sediment in the few drops of 
fluid remaining ; the sediment is then transferred to a slide and examined 
under a cover slip. 

e. NIH (National Institute of Health) ANat Swas. In pinworm 
infection, eggs are more commonly deposited in the perianal folds than 
in the feces. Therefore, swabbing and mild scraping of these parts yield 
eggs even when the feces are negative. The NIH anal swab is simple 
and efficient. It consists of a piece of cellophane (about 25 mm square) 
held on the end of a glass rod by a rubber band (clippings from hemo- 
cytometer tubing will do). The other end of the rod is run through a 
rubber stopper, thus providing a convenient handle; the stopper also 
serves to hold the swab in a glass tube in which it may be conveniently 
transported. (See fig. 41.) 

A suitable swab may be improvised from standard supply items such 
as the glass vial used for collecting fecal specimens and a cork in which 
a hole has been bored. Cellophane from jackets of cigarette packs may 
be used if otherwise unavailable. The cellophane-covered tip should be 
stroked over the anal opening and outward over the perianal folds; this 
is best done in the morning before the patient has bathed or had a 
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Figure 41. NIH anal swab. 


bowel movement. For examination the dry cellophane is removed with 
forceps and mounted with water on a glass slide. 

f. GRAHAM Swas. In this, one holds a piece of scotch tape, sticky 
side out, over the end of a tongue depressor. or blunt forceps, and 
strokes it over the anal opening and perianal folds in the same manner. 
The tape may then be mounted, by its own adhesive surface, on a slide 
and transported to the laboratory for examination. 


460. Tapeworm Progiottids 
The following method is used to differentiate proglottids (segments) of 
beef or pork tapeworms passed in the feces: 

a. Clean and relax the unfixed proglottids in warm physiologic saline ; 
thereafter they may be soaked in 5 percent warm acetic acid, though this 
is not essential. 

b. Place the speciment between two glass slides and press it flat. 

c. Hold it up to a strong light (so that the light shines through it), 
and count the number of lateral branches of the uterus. (See par.454s.) 
(Since these lateral branches subdivide, they are to be counted where 
they arise from the main part of the uterus.) 


461. Blood 

Thick films are useful in demonstrating microfilariae. For details of 
this technic see paragraph 449. Often microfilariae may be seen more 
readily by their activity in a fresh drop of blood. (See Ch. 2.) 
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462. Other Tissues 

Examination of a spinal fluid, of material aspirated from lymph nodes, 
or of other superficial tissues, and of excised pieces of skin or muscle 
should usually be performed by the medical officer in charge. Details 
of these technics are available in standard texts. 


463. Urine 

a. In cases of heavy infection with the vesical blood fluke, eggs may 
be found in the urine, particularly in the last portion passed. The technic 
follows: 

(1) Have the patient pass urine into a urinalysis glass. (This should 
include the last portion of urine voided.) 

(2) Let the material settle for 15 to 20 minutes. 

(3) Take up a small portion of the sediment in a pipette and place 
it on a glass slide. 

(4) Examine the sediment under the microscope. 

b. In cases of light infection this procedure may yield negative re- 
sults. It is then necessary to centrifuge a representative portion of the 
urine for 1 or 2 minutes and to examine the sediment under a micro- 
scope. 


464. Sputum : 
In many cases of suspected helminthic infection of the respiratory pass- 
age, examination of the sputum is necessary. The technic follows: 

a. Have the patient rinse his mouth thoroughly with diluted hydrogen 
peroxide. 

b. Have the patient raise sputum into a clean jar. 

c. Transfer small bits of sputum, particularly blood-flecked portions, 
to a glass slide. 

d. Examine the preparation under a microscope. 


465. Shipment of Specimens (AR 40-310) 

a. From time to time it is necessary to send specimens to other labo- 
ratories, either for identification or further study. In all such cases 
complete notes should accompany the material and should include such 
data as locality, host, date, collector’s name, number of specimens ob- 
tained, condition of the specimens, tissue, organ or medium from which 
recovered, and any other pertinent information. Material should be 
treated for shipment as indicated below. 


(1) Eggs. Feces containing ova may be diluted with water and agi- 
tated until an even mixture is obtained. To this mixture is added an 
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equal volume of 10 percent formalin heated to 80° C. This will also 
fix any nematode larvae, ova or protozoan cysts. 

(2) Larvae and adults, Larvae and adult helminths should first be 
shaken in physiologic saline solution. This cleans and relaxes the speci- 
mens. They are then fixed by adding an equal volume of hot 5 percent 
formalin or 70 percent alcohol to the solution. 

(3) Pathologic tissues (TB MED 19), Pathologic tissues may be 
fixed in 10 perecnt formalin or, if it is available, Zenker’s fluid. If 
Zenker’s solution is used, after 4 to 24 hours fixation (depending on the 
size of the specimen) the tissue should be washed in water overnight 
and then for 1 to 4 hours each in 30 percent and 50 percent alcohol, 
after which it is stored in 70 percent alcohol. 

(4) Intermediate hosts. Almost any intermediate host except adult 
insects may be fixed and stored in 70 percent alcohol (or 5 percent 
formalin). A small screw-neck bottle (vial type) is ideal for this pur- 
pose. Adult insects should be killed with chloroform or ether fumes 
or in a cyanide tube. The latter may be stored and transported between 
loose layers of tissue paper or lens paper in pill boxes. If snails are 
collected for identification with no intent of preserving their parasites, 
they are most conveniently preserved by drying. 

b. Specimens should always be carefully packed to avoid breaking 
or spilling of the contents. Containers should be filled to the top with 
the preserving liquid to avoid breaking of the specimens if the package 
is roughly handled. Caps must be sealed with paraffin, sealing wax, or 
scotch tape. Jars and glass vials packed separately in a box with ex- 
celsior, shredded paper or cotton, and marked “Fragile” will usually 
survive. A double mailing container should be used when the contents 


are liquid, 
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CHAPTER 15 
ENTOMOLOGICAL METHODS 


Section I. 


DISTRIBUTION AND CLASSIFICATION OF ARTHROPODS 
466. General 


a. Medical entomology is the study of arthropods (insects and insect- 
like animals) and their relation to human disease and discomfort. These 
arthropods may be associated with a number of diseases of importance 
to troops in garrison, camp, or campaign. The principal disease relation 
of arthropods is that of transmission—for example, malaria and yellow 
fever by certain mosquitoes, plague by fleas, and typhus by lice. Also 
of importance are the arthropods that cause disease or injury directly by 
their bites, stings, or actual invasion of tissue. Thus, the itch-mite of 
man invades the human skin and produces a severe irritation. This 
disease, known as scabies or itch, caused thousands of men to be ad- 
mitted to hospitals during World War I. When they occur in large 
numbers, many arthropods, such as common house-flies and mosquitoes, 
cause discomfort to troops. 

b. Owing to the widespread distribution of arthropods and to their 
close association with troops, it is necessary that Army personnel be 
prepared to determine whether the species present are likely to be of 
medical importance. This may entail collection and tentative identifica- 
tion of representative forms, and the forwarding of specimens likely to 
be important to central laboratories for positive identification, The medi- 
cal technician is not expected to know the various species by their scien- 
tific names, but if called on to send in a representative sampling of mos- 
quitoes, he should be able to send mosquitoes, and not a variety of small 
beetles, flies, midges, fleas, moths, etc. It is the purpose of this section 
to familiarize the technician with the medical importance of various ar- 
thropods and to aid him in identifying various groups. The use of a 
hand lens greatly aids the technician. 

c. (1) Arthropods have external skeletons formed of a substance 
called “chitin.” With exception of certain larval forms, these animals 
are characterized by having jointed legs. In common examples such as 
insects, the various segments of the legs are named as follows: the coxa 
and trochanter are two very short segments anchoring the leg to the 
body; the femur is the first conspicuous segment}; next comes the tibia, 
and finally the tarsus, consisting of one to five smaller segments. ° 
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(2) Many arthropods also have jointed bodies divided into definite 
regions. Thus the insects have a head, thorax, and abdomen. The head 
is typically supplied with eyes, a pair of antennae or “feeler,” and com- 
plicated mouthparts. On each side of the mouth are one or more ap- 
pendages called palpi (singular: palp). The mouth parts may be simple 
for chewing, lapping or both, or they may be built in the form of a 
sucking tube, which in many forms, such as the mosquito, is adapted 
for piercing plant and animal tissues. 

(3) The thorax contains most of the muscles of locomotion and is 
usually rigid in order to support the legs and wings. The abdomen is 
typically jointed, each region thus demarcated being known as an “ab- 
dominal segment.” The terminal segments are modified to form the 
external sex organs. In some forms, the tip of the abdomen contains 
a stinging apparatus (bees, wasps). 

(4) Most arthropod classification is based on the study of these vari- 
ous external anatomic regions, including specialized hairs, bristles, scales, 
or other structures that may be found on certain of the parts. The stu- 
dent should remember that in some groups of these animals there has 
been a fusion of adjacent structures; thus in spiders the head and thorax 
are combined, in ticks and mites all the parts are merged into a simple 
saclike unit, in sucking lice there is only a single tarsl joint. These varia- 
tions will be brought out in the following consideration of individual 
groups of anthropods. 


467. Classification 
As an army is divided into corps, divisions, brigades, regiments, battal- 
ions, companies, squads, and individual men, animals are grouped into 
phyla, classes, order, families, genera, and species. The phylum Arthro- 
poda is divided into several classes, four of which are Insecta (insects), 
Arachnida (ticks, mites, spiders, scorpions, etc.), Myriapoda (centipedes 
and millipedes), and Crustacea (crayfish, shrimp, etc.). These classes 
are further divided until single species are reached. For example, the 
yellow-fever mosquito is classified as follows: 

Phylum—Arthropoda 

Class—Insecta 

Order—Diptera 

Family—Culicidae 

Genus—Aedes 

Species—aegypti 
The scientific name of an animal is a combination of the names of the 
genus and the species, usually printed in italics, the genus capitalized, the 
species with a small letter. Thus, the scientific name of the yellow-fever 
mosquito is Aedes aegyptt. 
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Section Il. ARTHROPODS OF MEDICAL IMPORTANCE 


468. Procedure in Identification of Specimens 
a. Since all members of any of the above groups possess certain com- 
mon characteristics that differentiate them from the other classes of 


Katydid (Orthoptera). 

Firefly beetle (Coleoptera). 

Ant (Hymenoptera). 

Moth (Lepidoptera). 
Figure 42. Typical insects. 
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arthropods, it is possible to construct “classification keys.” A working 
example of such a key follows: 

If the specimen has— 

Pe ene ON AOE CT GO i ciuin's we dake ahs see see verequcs Insecta (par. 477) 
QUES PtP Ss OO PSIC OS NUD AD Nece ovcae stie ces adsaecetones sed Arachnida (par. 471) 
Five or more pairs of legs: 
Lives in water (fig. 43) (exceptions, for example, 
COMBE RG Te haat gr ass, a hc ni ule eee Crustacea (par. 469) 
Ripe 6s Tari Clee Yo iso vase Wi icig aice peels eae ea es Myriapoda (par. 470) 

b. An examination of the above will reveal that identification of speci- 
mens is not difficult. If by running the specimen through the key it 
should prove to be an arachnid, it is necessary only to turn to the sec- 
tion on Arachnida where a key to this class will be found. By subjecting 
the specimen to several successive keys, a tentative identification can 
be made. 

c. The key aids but does not give final proof of identification. Since 
in the insect class alone there are thousands of species, it is obvious 
that the keys and outlines in this manual will not serve to identify all 
specimens. For more satisfactory identification this manual should be 
supplemented by standard texts, and for authoritative identification spe- 
cimens should be transmitted to entomologic centers, such as the Army 
Medical Museum. 


469. Crustacea 

Crustaceans (crayfish, shrimp, etc.) are of little importance to the sol- 
dier, but are worthy of mention because a few species are associated 
with human disease. Several species serve as intermediate hosts in trans- 
mitting certain parasites. Two typical crustacea are illustrated in figure 
43, one of which (Cyclops) is the intermediate host of the guinea worm. 
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@ Crayfish (a crustacean). @ Cyclops. 
Figure 43. Typical Crustacea. 
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470. Myriapoda 

Myriapods include the centipedes (Chilopods) (fig. 44@)) and the milli- 
pedes (Diplopoda) (fig. 44@)). They may be differentiated by the num- 
ber of legs on each body segment, centipedes possessing one pair of legs 
per segment, whereas millipedes have two pairs on each segment. Only 
the centipedes are of interest from a medical viewpoint. In this group 
almost every species posseses a pair of poison fangs, which, in certain 
forms, are sufficiently sharp and strong to make it possible for them to 
penetrate the human skin. Although no deaths have been recorded from 
the bites of centipedes, painful injury can be inflicted. Species of three 
genera, Scolopendra, Geophilus, and Lithobius, have been found capable 
of producing injury. 


@ Centipede. @ Millipede. 
Figure 44. Typical myriapods. 


471. Arachnida 
The class Arachnida is important because it contains many species that 
serve as transmitters of disease and several species that cause disease in 
the human body. Following is a key to separate the more important 
groups: 

a. Abdomen not divided into segments: 


Body divided by construction into two main parts (fig. 45)..Spiders (par. 472) 
Body not divided by such a constriction (most types parasitic) : 
Minute species (usually smaller than a pinhead in size, 


body Haity): (hg. Ab) = xo, he Ge ek ee ee Mites (par 473) 
Medium-sized species (usually larger than a pinhead in 
size, body riot hairy) (ig. 47) <4. ons s as wc iw canes Ticks (par. 474) 
b. Abdomen divided into segments : 
Wathispinecat=tip-or tall=(ne: 90s0) = se kee nee Scorpions (par. 475) 
Without spine at tip of tail (fig. 50 @).......... Whip scorpions (par. 476) 
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472. Spiders 
Although all spiders produce venom, only a few possess fangs suffi- 
* ciently powerful to pierce the human skin. Of the most importance to 
the soldier in the United States is the “black-widow” spider, Latrodectus 
mactans. (See fig. 45.) This is a shiny, medium-sized black spider that 
can usually be distinguished by the reddish hour-glass marking on the 
underside of its abdomen. It may be found in grass, shrubs, rock piles, 
outhouses, and privies. Its bite produces severe symptoms and, in some 
cases, death. Other equally dangerous species of Latrodectus occur in 
other parts of the world. Tarantulas (so-called) also appear ferocious, 
but compared to the black-widow spider, the bite is mild. 
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Figure 45. Black widow spider (an arachnid). Female, ventral view. 


473. Mites 
Most species of mites (fig. 46) are extremely small, many being barely 
visible to the naked eye. In general, only three forms are of medical 
importance. 


Figure 46, Itch mite of man, 
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a. Sarcoptes scabiei, the common itch mite of man often assumes 
medical importance in localities where many people are forced to live 
together under unhygienic conditions. The skin disease that it produces, 
scabies, is frequently found in troops. When the mites attack, they usu- 
ally invade the skin between the fingers, and spread to other parts of 
the body. The females burrow into the skin and lay eggs in the tunnels 
made during their migrations. The intense itching that accompanies the 
disease results in scratching and secondary infection. 

b. There is also a widely distributed family of mites the adults of 
which (with four pairs of legs) are found in soil or on plants. The 
larvae, however, (with only three pairs of legs) are parasitic on various 
animals. Two groups of these larvae affect man: 

(1) American chiggers or redbugs. The common species is the larva 
of Eutrombicula alfreddugesi. It is also known as E. irritans or Trom- 
bicula irritans. These tiny. mites, hardly larger than a pinpoint and 
bright red, are very numerous during warm weather in fields and woods 
and in rough growths of shrubs, grasses, and weeds. Although their 
normal hosts are various animals, including reptiles, troops may become 
severely infested. The mites crawl beneath the clothing and remain at- 
tached to the skin for several days. Their bites produce an extremely 
intense itching, which may last a week or longer. Their food is not 
blood, but lymph. Contrary to popular belief they do not burrow into the 
skin. Certain repellants applied to clothing around openings, such as the 
bottom of trousers, fly, wristcuffs, neckbands, and buttoned shirt fronts 
are effective in preventing attacks. Chiggers may be confused with the 
larvae of ticks (seed-ticks). Although both are minute and have only 
three pairs of legs, chiggers are smaller than tick larvae and have rather 
conspicuous hairs, which are lacking in the latter. 

(2) Larval mites, similar in habits to the American chigger and be- 
longing mostly to the genus Trombicula, are frequent in many parts of 
the world and may cause great annoyance. In Japan and Formosa the 
mite (Trombicula akamushi) transmits the highly fatal Japanese river 
fever, usually called “tsutsugamushi disease.’ It is also known as “scrub 
typhus,” “tropical typhus, and “mite-borne typhus” in the Philippines, 
Malay Peninsula, Burma, Sumatra, New Guinea, Northern Queensland 
(Australia) and elsewhere in the Asiatic-Pacific area. Since these forms 
of the disease are all transmitted by certain species of trombiculid mites, 
it is easy to understand how important these almost invisible pests are. 
Rodents act as reservoir hosts. 


474.Ticks 
a. The ticks are chiefly important as transmitters of serious diseases, 
but they are also capable of inflicting bites that are slow to heal and 
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may result in systemic disturbances as well as in intense local irritation. 
Ticks have a widespread occurrence, in the tropics and subtropics as 
well as in temperate regions. For purposes of general classification they 
are divided into two groups—the soft-bodied ticks (family Argasidae) 
and the hard-bodied ticks (Ixodidae), These may be distinguished ac- 
cording to the following key: 


Head concealed beneath front margin of body (no shield on 


upper surtaced.of body): (fic: 47 ©). ick ccdcces veasvi Soft-bodied ticks 
Head not concealed beneath front margin of body (shield 
present on upper surface of body) (fig. 47 @).......... Hard-bodied ticks 


b. Sort-BopieD Ticks, ARGASIDAE (fig. 47@). (1) Ticks of this 
group, unlike the hard-bodied ticks (Ixodidae), do not remain attached 
to their hosts for long periods, but feed quickly and then return to their 
hiding places in cracks and crevices, in houses and caves, under stones, 
in rodent burrows, etc. 


@® Soft-bodied tick. @ Hard-bodied tick. 
Figure 47. Ticks. 


(2) The genera Argas and Ornithodoros contain the commonly en- 
countered species. When viewed laterally with a hand lens those of the 
genus Argas are seen to have a fine peripheral line separating the dorsal 
and ventral surfaces of the body. This line is absent in the genus 
Ornithodoros, in which are found practically all the species of the medi- 
cally important soft ticks. 
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(3) Several species of Ornithodoros transmit relapsing fever from 
animals or human carriers to other animals or to man. The tick acquires 
the spirochetes (Borrelia duttoni and other species) when it takes a 
blood meal and then infects man or animal at a later feeding. Transo- 
valial infection may occur—that is, the spirochetes are transmitted from 
adult tick to offspring through the egg. Rodents usually serve as reser- 
voirs of the disease. The ticks principally concerned are O. tholozani 
in Central Asia, O. moubata and O. erraticus in Africa, O. rudis (vene- 
guelensis) in northern South America and Panama, O. turicata in Mexico 
and the southwestern United States and O. hermsi in California and 
certain other western states. 


c. Harp-BopIeED Ticks, IxopmpAE (fig. 47@)). (1) These ticks, in 
contrast to the soft-bodied ticks, remain attached to their hosts and feed 
for long periods of time. They are far more widely distributed, being 
well represented in tropical, subtropical, and temperate regions. Of 
the several genera, Dermacentor is the most important. Others of im- 
portance are Amblyomma, Rhipicephalus, Haemaphysalis, and Ixodes. 


Hypostome 
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Figure 48. Ventral view of male tick (Dermacentor andersoni) showing 
anatomic structures. 
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AMBLYOMMA RHIPICEPHALUS DERMACENTOR 


Figure 49. Mouth parts of various genera of hard ticks (ventral view), b.c. basis 
capituli; c., chelicera; c.s. sheath of chelicera; h., hypostome (anchors the tick to 


host); p., palp. 


(2) Hard-bodied ticks transmit various human diseases, the most 
important of which are Rocky Mountain spotted fever and tularemia. 
Rocky Mountain spotted fever, an acute infectious disease having a high 
mortality, is caused by a rickettsial organism (genus: Rickettsia). In 
the western part of the United States the disease is transmitted by the 
Rocky Mountain wood-tick, Dermacentor andersoni, whereas in the 
eastern United States the American dog tick, D. variabilis is the chief 
vector. Amblyomma americanum is a vector in the American southwest. 
The North American rabbit tick, Haemaphysalis leporis-palustris,-is im- 
portant in transmitting the disease among rabbits. Tularemia (rabbit 
fever), caused by Pasteurella tularensis, may be transmitted to man by 
the bites of D. variabilis and D. anderson, whereas the rabbit tick is 
important in transmitting the disease among rabbits. Other rickettsial 
diseases such as Colombian and Brazilian spotted fever, boutonneuse 
fever along the Mediterranean, and South African tick-bite fever are 
transmitted by species of Ixodid ticks. 

d. (1) In addition to transmitting diseases, many ticks may inflict 
injury by their bites alone. In the warmer regions of the Americas the 
immature stages of Amblyomma americanum or A. cajennense, or both, 
are abundant during certain seasons. They attack man readily and are 
a great annoyance to those engaged in outdoor activities. . 

(2) The bites of the females of D. anderson and D. variabilis and 
certain species of [vodes are in rather rare instances capable of causing 
tick paralysis in man and animals. The exact mechanism by which pa- 
ralysis is effected is not known, but it is generally considered to be due 
to a toxin. Death may result but it can usually be prevented by early 
discovery and removal of the tick, 
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e. At times the technician may encounter parasites that resemble ticks 
but that have only three pairs of legs. These are usually larval stages 
of ticks or mites. A few rare insects also have similar characteristics. 


475. Scorpions 

Scorpions (fig. 50@)) may be dangerous to man because some are capa- 
ble of stinging with a spine that is located at the tip of the tail (ab- 
domen). Many small species are harmless because they are not able to 
pierce the human skin. Some species of the genus Centruroides are very 
important. In the city of Durango in northern Mexico, C. suffusus, 
causes an average of 50 deaths per year. The common species of the 
southern United States are generally capable of producing only a painful 
sting. Of interest to soldiers is the fact that some scorpions crawl into 
shoes during the night. 


476. Whip Scorpions 

Whip scorpions (fig. 50@)) are ferocious in appearance but are entirely 
unimportant from a medical standpoint. They are of interest to soldiers 
because they may be confused with true scorpions. 


0) Scorpion Q) Whip scorpion 


Figure 50. Comparison of common scorpion with the whip scorpion. 


477. Insecta 

The class Insecta contains many species of medical importance. In this 
group are included mosquitoes, lice, fleas, bedbugs, etc. The following 
outline will serve as a guide in classifying the more important orders; 
those orders of greatest medical importance are marked with an asterisk. 
(For more complete information and keys the reader is referred to 
standard entomologic texts) : 
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Insect order Common name or names Figure 


Anoptusa® soo. RD EROS So TS SER Aa aie a es ee ES 51 
Coleoptera---------- Beetles and weevils_-_-_--.-.-_--- Sa renars ote 42 
Sere os Flies, mosquitoes, midges, etc...__.___.____-- 53, 54, 56 
Hemiptera*__.._-__- Bedbugs, blood sucking conenoses or kissing- 
Se SET Sey eae Geena Selene a es 59 and 60 
Hymenoptera -_ ___-_-_- Pullte ees Wace Cte. 2 22 2 on oe eee 42 
Lepidoptera_-_-_______ Butterflies, moths, skippers, etc...__-------- — 
Orthoptera___...._._| Roaches, crickets, grasshoppers, etc._.------- 42 
Siphonaptera*_______ ae eh es Sy Sa i SR 61 


* Only these groups of marked medical importance will be considered further. The other 
groups are listed merely to aid the technician in avoiding confusion with the more important 
species. It should be kept in mind, however, that this list is far from complete. 


478. Anoplura (Lice) 

There are two species of lice that infest man, namely, the head and body 
lice (Pediculus humanus) and the crab louse (Phthirus pubis). The 
head louse and body louse are two varieties of the same species, and 
are called P. humanus var. capitis and P. humanus var. corporis, respec- 
tively. The head and body lice are easily differentiated from the crab 
lice by the length of the body in proportion to its width. Both varieties 
of P. humanus are about three times as long as they are broad, whereas 
crab lice are as broad as they are long. (See fig. 51.) 
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@® Crab louse. @ Body louse. 
Figure 51. Typical lice. 

a. The head louse lives among the hairs of the head and attaches its 
eggs (nits) near the base of the hairs by means of a glue formed in a 
special gland. The hairs around the ears and back of the head are most 
frequently used by lice as sites for depositing eggs. 

b. The body louse is found principally on the inner surface of the 


under clothing, especially along seams, where eggs are securely attached 
688862°—46—34 
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to the cloth fibers. In general, body lice migrate from the seams for feed- 
ing. They take blood several times each day. 

c. Man is affected by the head and body louse in two ways—by the 
mechanical effect of the bites and by transmission of pathogenic organ- 
isms. The bites produce minute hemorrhagic spots that are accompanied 
by irritation and intense itching. These cause scratching and may result 
in secondary infection. 

d. The infectious diseases known to be transmitted by human lice are 
typhus, trench fever, and one form of relapsing fever. European or epi- 
demic typhus resulted in many deaths among soldiers in the European 
armies in World War I. It is caused by a rickettsial organism, Rick- 
ettsia prowazeki, which is transmitted by head or body lice. Transmis- 
sion is accomplished by deposition of the louse’s feces on the injured 
skin, by crushing the insect against the skin, and possibly by its bite. 
Trench fever is caused by an unknown agent, possibly a Rickettsia, and 
is transmitted by the bite or feces of the body louse. Relapsing fever, 
caused by the spirochete Borrelia recurrentis, is transmitted by lice when 
infective lice are crushed on the skin. The disease is not transmitted by 
the bite. 

e. The crab louse infests chiefly the hairs of the pubic region, but oc- 
casionally is found in the axilla, beard, eyebrows, and eyelashes. It does 
not transmit disease. 


479. Diptera (Flies, Mosquitoes, etc.) | 

a. The order Diptera contains many species that serve to transmit dis- 
ease and to cause disease. Besides mosquitoes that transmit malaria and 
tsetse flies that carry sleeping sickness there are many other mosquitoes 
and biting flies that convey disease. Many species live and breed in close 
contact with Army personnel and so may spread dysentery. 3 

b. In their life cycles, flies pass through egg, larval, pupal, and adult 
stages. (See fig. 52.) The larvae or maggots of some species gain en- 
trance to wounds of the human body and invade living tissues. Screw- 
worms (Cochliomyia americana) hatch from eggs laid in a mass on the 
edge of a wound. They should be suspected if wounds show continuous 
bleeding. Since the order Diptera contains so many species, it is impos- 
sible to present a simple key even for the major groups in this manual. 
The outline given below will serve as a convenient guide for separating 
some of the large groups. It should be remembered that this outline is 
one of convenience only, and for a more detailed classification standard 
texts should be consulted. Since mosquitoes constitute the most impor- 
tant dipterous group, their classification is treated in more detail, The 
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Figure 52. Stages in development of housefly. 


technician should be able to make an examination of collected insects and 
to select the mosquitoes. The latter may be separated as follows: 
Fragile (mosquito-like) (fig. 56@): 


Sem aSeOH- WANS cles OS alate ks 58's gins ee crhaetes wre Mosquitoes (par. 480) 

No scales on wings (fig. 56@).........4.. Mosquito-like flies (par. 481) 
Stout-bodied (housefly and horseflylike) (fig. 56@) : 

Bitmce fees Cites 5 AG)) cites occ cca nese Stout-bodied biting flies (par. 482) 


Nonbiting flies (fig. 57@)...Filth and myiasis-producing flies (par. 483) 


480. Mosquitoes 

a. The family Culicidae, to which the mosquitoes belong, may be 
divided into two subfamilies. Of these the mosquitoes (Subfamily Culi- 
cinae) are the only ones that suck blood and are of medical interest. 
They are distinguished from other common mosquitolike insects by the 
presence of scales on the veins and margins of the wings. (See fig. 53.) 


b. Mosquitoes are classified into several genera, most of which will be 
omitted here since they are unimportant as disease transmitters. The 
forms mentioned in this manual are the malaria mosquitoes (genus Ano- 
pheles) and several other genera called jointly culicine mosquitoes, 
including the yellow-fever mosquitoes (genus Aedes) and the common 
house mosquitoes (genus Cule., etc.). 
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Figure 53. Wings of anopheline mosquitoes showing the dark scales of 
the wing pattern. 
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1. Anopheles: a. eggs; b. larva; c. pupa; d. adult; e. wing of adult; f. antennae and 
mouth-parts of adult male and female. 


2. Aedes: a. eggs; b. larva; c. pupa; d. adult; e. wing of adult; f. antennae and 
mouth-parts of adult male and female. 
3. Culex: a. eggs. 


Figure 54. Comparison of various stages of anopheline and culicine mosquitoes. 
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c. The adult anophelines (genus Anopheles) can sometimes be differ- 
entiated from the adult culicines (genera Aedes, Culex, etc.) by the pres- 


ence of spots on the wings, these spots being almost always absent in 
the latter groups. 
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Hypopygium of male Anopheles albimanus and 


A. pseudopunctipennis 


A. punctipennis 


(Note. 1. Dorsal view of an Anopheline larva. 2. Ventral view of the head of an 
Anopheline larva. 3. Dorsal view of the head of an Anopheline larva. 4. Hypopy- 
gium (male sex organ) of an adult A. albimanus. 5. Hypopygium of adult male. 
A. punctipennis. 6. Palmate hairs (hair tufts) of various Anopheline larva; a, c, e, 
and g are the hair tufts; b, d, f, and h are the individual hairs.) 


Figure 55. Structural characteristics of Anopheles mosquito, showing larva and 
detailed structures of adult males. 
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Other characters that serve to differentiate anophelines and culicines are 
the position of the body when at rest and the structure of the mouth 
parts, especially the palpi. (See fig. 54.) Differences between eggs, 
larvae, and pupae af anophelines and culicines are also illustrated in 
figure 54. 

d. To a certain extent members of the genus Aedes can be differenti- 
ated from other culicines by the presence of white bands on the legs, 
this character being generally absent in the others. The character is, 
however, not entirely valid and is given merely as a suggestion in tenta- 
tive classification. For more accurate identification the worker is re- 
ferred to standard texts and other references listed in a subsequent para- 
graph. 

e. Malaria, an extremely frequent and sometimes fatal infection caused 
by various protozoan parasites (Plasmodium) and discussed elsewhere 
in this manual, is transmitted by mosquitoes of the genus Anopheles. 
Among the more important species are Anopheles quadrimaculatus and 
A. maculipennis in the United States and A. albimanus, A. pseudopuncti- 
pennis, and A. darlingi in Mexico and Central America. In the West 
Indies, Panama, and northern South America, A. albimanus, A. pseudo- 
punctipennis, A. punctimacula, A. aquasalis, A. bellator, and A. albitarsis 
are the principal malaria-carrying species. In Europe several races of 
A. maculipennis are efficient vectors. A. gambiae and A. funestus are 
leading vectors in tropical Africa. In Asia A. stephensi, A. super pictus, 
A. culicifacies, A. fluviatilis, A. philippinensis, and a number of other 
species are proven vectors. dA. hyrcanus and A. maculatus are important 
in Burma and Malaya. Most important in the Philippines is A. minimus 
var. flavirostris. The wings of several common species are illustrated in 
figure 53. Larval characters are shown in figures 54 and 55. 

f. Yellow fever is a virus disease with a high fatality rate. In its 
epidemic form it usually is transmitted from person to person by Aedes 
aegypti. Yellow fever occurs in the jungles of South America and 
Africa, where it is transmitted by various forest mosquitoes to reser- 
voir hosts, including monkeys. Aedes simpsoni, A. leucocelaenus, and 
Haemagogus capricorniit are known vectors. Forest workers bécome 
infected and may be starting points for epidemics if they reach town 
where A. aegyptii is common. 


g. Dengue (breakbone fever) is a virus disease transmitted by mos- 
quitoes. Although it has a low fatality rate, during epidemics it causes 
a great deal of disability. Dengue is known to be transmitted by Aedes 
aegyptii and A. albopictus. 

h. Filarial worm infections are also transmitted by many species of 
mosquitoes. The commonest of these worms are Wuchereria bancrofti 
and W. malayi, In these diseases, mosquitoes serve as intermediate 
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hosts, and. when they feed on a person the filarial larvae are transferred 
to the human host. The common house mosquito of the tropical or sub- 
tropical portions of the world, Culex quinquefasciatus (C. fatigans), is 
known to be the important vector in filarial infections by W. bancrofti. 

7. Certain neurotropic viruses causing varieties of encephalitis have 
been shown to be transmitted by various species of Culex or Aedes. 
Among these diseases are St. Louis encephalitis, Japanese encephalitis, 
and Western and possibly Eastern equine encephalomyelitis. 

j. Authoritative references to mosquitoes and their control will be 
found in Keys to the Anopheline Mosquitoes of the World, by P. F. Rus- 
sell, L. E. Rozeboom, and A. Stone (American Entomological Society, 
The Academy of Natural Sciences, Philadelphia—1943) and in The 
Mosquitoes of the Southeastern States by W. V. King, G. H. Bradley, 
and T. E. McNeel, U. S. Dept. of Agriculture, Misc. Publ. No. 336, 
Washington, D. C.—1944. 


481. Mosquitolike Flies 

These are mostly small flies that may be confused with mosquitoes. They 
are differentiated from that group, however, by the absence of scales on 
the wings. 

a. (1) A group of small, hairy flies, belonging to the family Psycho- 
* didae, are for the most part harmless, but the females of one widely dis- 
tributed genus, Phlebotomus, are annoying nocturnal bloodsuckers. 
Some species of the group transmit diseases. Phlebotomus may be rec- 
ognized by the position of the wings, which are held upward and out- 
ward when at rest. 

(2) Pappataci fever (sandfly fever) transmitted by Phlebotomus in 
the Mediterranean region, Balkans, Near East and India, is of military 
importance, since large numbers of men may be incapacitated simulta- 
neously, although there is no mortality. 

(3) Phlebotomus has been shown to transmit Carrion’s disease (Oroya 
fever or verruga peruana) in Peru and also in Ecuador and Colombia. 
Kala azar and oriental sore are also transmitted by these insects. 

b. The blackflies (Simuliidae) include one group of medical interest, 
the genus Simulium. Certain species are very annoying and some are 
instrumental in the transmission of onchocerciasis in Africa, Guatemala, 
and southern Mexico. 

c. The midges (Chironomidae) are most liable to be confused with 
mosquitoes. The larvae of this family are the familiar “blood worms” so 
often found in stagnant water. Midges of the genus Culicoides belong- 
ing to the related family Ceratopogonidae are very annoying biters. Of 
more importance is the fact that some members cf this genus transmit 
certain filarial worms from man to man in tropical regions. None of 
these worms causes a definite disease however. 
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d. The crane flies (Tipulidae) are of no medical importance but are 
mentioned in passing. (See fig. 56@)) These large, mosquitolike forms 
are commonly encountered in warm weather and are almost always 
thought by the layman to be large mosquitoes. They may be differenti- 
ated from mosquitoes quite easily, since they have no scales on the wings. 


482. Stout-bodied Biting Flies 


This group includes the horseflies, deerflies, stableflies, and tsetse flies. 
The species of this group are of interest because of disease transmission 
a well as of annoyance from their bites. 

a. The horseflies (Tabanus) (fig. 56@) and deerflies (Chrysops), 
both of which belong to the family Tabanidae, are voracious blood-feed- 
ers. In addition to this annoying habit, which is limited to the females, 
species of Chrysops transmit a filarial worm (Loa loa) and tularemia. 
Species of Tabanus have been recorded as transmitting anthrax to man 
and tularemia to guinea pigs. 

b. The biting stablefly (Stomoxys calcitrans) (fig. 57) of the family 
Muscidae, is a biting fly that closely resembles the common housefly in 


@ HORSEFLY 


@ Crane fly. Long delicate legs, slender abdomen. 
@® Horse fly. Large compound eyes almost contiguous, characteristic Y-shaped 
branching radial veins. 
Figure 56. Typical flies. 
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appearance. Occasionally before a rain it will be noticed that the flies 
are annoying and may even bite. When this occurs, it is not the housefly, 
as is commonly believed, but the stablefly or so-called “dog-fly.” It may 
be differentiated from the housefly by the biting mouth parts. (See fig. 
57.) It has been suggested, but not proved, that the stablefly is a vector 
of poliomyelitis, anthrax, and tetanus. Both males and females feed on 
human beings. 

c. The tsetse flies (Glossina) of the family Muscidae are of great 
importance in parts of Africa, where certain species transmit Gambian 
and Rhodesian sleeping sickness. Both males and females take blood 
meals. The trypanosomes causing sleeping sickness may be transmitted 
directly through mere mechanical transfer or after undergoing develop- 
ment in the tsetse fly. These flies do not lay eggs but deposit full-grown 
larvae. 


483. Nonbiting Flies (Filth Flies and Myiasis-producing Flies) 
(fig. 57) 

a. This group includes the houseflies, flesh flies, blue and green metal- 
lic-colored flies, and other species usually associated with decaying filth 
and garbage. They are of interest because they produce disease in two 
ways—by mechanical transmission of harmful organisms or by direct 
invasion of their maggots into the human body. 

b. The mechanical transmission of disease is easily accomplished by 
the flies’ habits of frequenting filth, garbage, excreta, etc. The housefly 
is important in the transmission of many human diseases, particularly 
typhoid fever, dysentery, and cholera. In addition to transmitting dis- 
ease by passing from infectious material to food, it lays eggs in the 


@ HEAD OF STABLEFLY @ HEAD OF HOUSEFLY 
SHOWING BITING SHOWING NONBITING 
MOUTH PARTS MOUTH PARTS 


Figure 57. Fly mouth parts. 
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infective filth, and the maggots and adults that follow may be infected 
with the pathogenic organisms. 

c. The housefly (Musca domestica) is the most important member of 
this group. Others are flesh flies (Sarcophaga), the nonbiting stablefly 
(Muscina stabulans), the lesser housefly (Fannia canicularis) and the 
blue-bottle and green-bottle flies (Cochliomyia, Lucilia, Phormia, Calli- 
phora, and Chrysomyia). 

d. In addition to transmitting human disease, some of the above, as 
well as other species, infest man directly. This is accomplished by the 
gravid females depositing eggs (or larvae) on wounds or open sores. The 
eggs hatch, and the larvae penetrate the tissues, causing myiasis. Some 
species lay eggs in the nostrils of sheep, goats, and deer, and occasion- 
ally infest man. The maggots developing in the nasal passages have been 
known to cause extensive tissue damage and even death. Intestinal and 
urinary myiasis are also known. Although in many cases invasion by 
these maggots facilitates the entrance of harmful bacteria, some fly larvae 


(Note. A, Blowfly (Calliphora); B, Green-bottle fly (Lucilia); C, Blue-bottle fly 
(Cynomyia); D, Screwworm fly (Cochliomyia); E, Botfly (Gasterophilus); F, 
Warble fly (Dermatobia); G, Flesh fly (Sarcophaga) ; H, Black blowfly (Phormia) ; 
I, Biting stable fly (Stomoxrys); J, Nonbiting stable fly (Muscina); K, Flesh fly 
(Wohlfahrtia); LL, Housefly (Musca); M, Cattle botfly (Hypoderma); N, Sheep 
botfly (Oestris). ) 


Figure 58. Stigmal plates of fly larvae. 
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are known to keep wounds clean. Maggots living in the wounds of sol- 
diers injured in battle have sometimes been noted to remove the debris 
and bone fragments and promote rapid healing by secretions from their 
bodies. More recently extracts of maggots have been used in the treat- 
ment of certain types of wounds. 


e. Among the more important myiasis-producing flies are the flesh flies 
(Sarcophaga and Wohlfahrtia), tumbu fly (Cordylobia anthropophaga), 
screw-worm fly (Cochliomyia), blue-bottle fly or blowfly (Calliphora), 
green-bottle fly (Lucilia), housefly (Musca), warble-fly (Dermatobia), 
botfly (Gastrophilus), lesser housefly (Fannia), cattle grub (Hypo- 
derma) and sheep bot (Oestrus). 


f. Identification of adult flies is difficult and will not be attempted 
herein; reference should be made to standard texts. Fly larvae may be 
found in feces sent to the laboratory for examination and should not be 
confused with parasitic worms; often they represent contaminations of 
fecal material. Maggots (fig. 52) may be presented for identification 
from breeding areas around Army camps. These larvae, especially in 
the stage immediately preceding pupation, can be identified by the pat- 
tern of the stigmal plates. (See fig. 58.) These plates are a pair of tiny 
chitinous structures located at the hind end of the maggot. They may 
be removed from the maggot with a razor blade and can be identified 
under a microscope. In figure 58 only the left stigmal plate is illustrated. 
For further descriptive details, standard texts should be consulted. 


484. Hemiptera (Bedbugs, Blood-sucking Conenoses, Kissing 
Bugs or Assassin Bugs, Stinkbugs, etc.) 

Although the term “bug” is applied to all members of the class Insecta, 

strictly speaking only the members of the order Hemiptera are true bugs. 

True bugs are very common, many living in water, others abounding on 


Figure 59. Bedbug. 
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plants and feeding on their juices. Some are blood suckers and are 
troublesome or even dangerous to man. 

a. The common bedbug (Cimesx lectularius) (fig. 59) is world-wide 
in distribution and is a temporary parasite of man, feeding on blood and 
living and breeding in the cracks and crevices of beds and other furni- 
ture, and in the walls and floors of barracks, houses, etc. The adult is 
4-5 millimeters long and 3 millimeters broad. In the absence of the 
human host, bedbugs feed on other animals. Although the bedbug has 
been charged with the transmission of various human diseases, there has 
been no definite proof of this, and the insect’s only interest to the soldier 
is the local irritation and general annoyance that are produced by its bites. 

b. Certain assassin bugs are of definite medical interest in some locali- 
ties. These bugs, variously called kissing bug, blood-sucking conenoses, 
and assassin bugs, are important in the transmission of Chagas’s dis- 
ease. This serious and often fatal disease, caused by a trypanosome 
(Trypanosoma cruzi), is chiefly one of childhood, but it may occur also 
in adults. It is found in South America, especially Brazil, where the 
barbeiro, Triatoma megistus (synonyms, Conorhinus and Panstrongylus), 
is the principal vector of this disease. Closely related species, some of 
which are infected with trypanosomes, occur in the southern United 
States, although as yet no human cases of Chagas’s disease have been 
reported. 


Figure 60. Blood-sucking conenose or assassin bug (Hemiptera). 
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@ Human flea (Pulex irritans). 
@ Dog flea (Ctenocephalides canis). 
@ Chicken flea (Echidnophaga gallinacea). 
@® Temperate zone rat flea (Ceratophyllus fasciatus). 
@ Tropical rat flea (Xenopsylla cheopis). 
Note. ® measures 1 to 1.5 mm. in length; others, about 2 mm, 
Figure 61. Fleas. 
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485. Siphonaptera (Fleas) 

The fleas are of medical importance chiefly because certain species trans- 
mit bubonic plague and endemic typhus. However, other species that 
may occasion considerable annoyance and irritation are commonly en- 
countered. 

a. The human flea (Pulex irritans) (fig. 61@) is found wherever 
man lives, and is widely distributed throughout the western United 
States, especially in California. This flea lives in the cracks and crevices 
of the home and in the floors, rugs, and bedding, emerging at night to 
attack the host. The human flea feeds readily on dogs, rodents, and 
other animals as well as on man. 

b. The Chigoe flea (Tunga penetrans) is found in tropical America, 
the West Indies, tropical Africa, and India. The impregnated female at- 
taches to the skin of man, pigs, and dogs. The resultant swelling almost 
completely incloses the flea, which swells to the size of a pea because of 
the eggs developed. The eggs drop to the ground. Following egg laying 
the female dies. Secondary infection of the attacked sites, which in man 
are usually the sole of the foot, the region between the toes, and the legs, 
is frequent. 

c. The tropical rat flea (Xenopsylla cheopis) (fig. 61@) is a most 
important vector of disease, particularly bubonic plague. This flea is 
widely distributed in tropical regions throughout the world and is found 
in many parts of the United States. Although primarily a parasite of 
the rat, during an epidemic it not only transmits plague from rat to rat, 
but also from rat to man, and from man to man. . 

d. The temperate-zone rat flea (Nosopsyllus fasciatus) (fig. 61@) is 
another species of medical importance. It, too, helps to maintain plague 
and endemic typhus among rats and occasionally transmits these dis- 
eases to man. It is world-wide in distribution, but for the most part is 
confined to the temperate zone. 

e. The dog and cat fleas (Ctenocephalides canis and C. felis) (fig. 
61@)) are nearly cosmopolitan in distribution, particularly in temperate 
and warmer climates. In addition to dogs and cats, both species have a 
wide range of hosts, including man, rats, and various mammals. They 
may be found in enormous numbers in buildings frequented by dogs and 
cats and on adjacent premises, and are capable of transmitting dog tape- 
worm (Dipulidium caninum) to dogs and rarely to children. Infection 
is acquired by swallowing the flea. 

f. The mouse flea (Leptopsylla segnis) is a common ectoparasite of 
mice and rats in the Eastern Hemisphere but is also widely distributed 
in the Americas. This species is important in transmitting plague from 
rat to rat. 

g. The chicken flea (Echidnophaga gallinacea) (fig. 61@)) is of inter- 
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est because it is commonly encountered and may be confused with more 
important species. It is very similar in appearance to the Chigoe flea. 

h. The most serious human disease transmitted by fleas is plague, that 
age-old destroyer of mankind, caused by Pasteurella pestis. Of all the 
fleas known to transmit this disease to man the tropical rat flea is by far 
the most important. The human flea transmits plague among small ani- 
mals and in times of epidemics may transmit the disease to man. 

7. Murine or endemic typhus, caused by Rickettsia mooseri, is also 
transmitted by fleas. This infection is found along the South Atlantic 
and Gulf coasts and in certain other localities. It most frequently occurs 
in persons handling foods infested with rats. Although this disease may 
be transmitted to man by human body lice, it is commonly transmitted 
from rat to man by the tropical rat flea and the temperate-zone rat flea. 

j. Some fleas, particularly the dog fleas, cat fleas, and human fleas, 
serve as intermediate hosts for certain helminth parasites. 


Section Ill. COLLECTION, PREPARATION, AND 
SHIPMENT OF SPECIMENS 


486. Collection of Lice and Mites 

a. The simplest way of removing head and pubic lice from the host 
is by means of a fine-tooth comb. Body lice are picked from clothing 
or bedding with forceps. It is always best to keep the lice alive until 
they have digested the blood meal if they are to be preserved for identi- 
fication. 

b. Parasitic mites are usually collected by scraping the skin. In cases 
of dead animals, parts of the diseased skin should be removed and pre- 
served. 


487. Preparation of Lice and Mites for Study 

a. Lice may be forwarded to specialists for identification by placing 
them in small vials containing 70 percent ethyl alcohol to which 1 per- 
cent glycerine has been added. Each vial should contain the name of 
the collector, locality, date of collection, and host. 

b. Permanent microscopic mounts of mites, lice, and many other small 
arthropods can be made readily in chloral gum medium. Specimens 
that are not heavily pigmented are removed from the preservative, 
washed in water, and mounted directly in this medium. Specimens 
heavily pigmented should be boiled in a 10-percent solution of potassium 
hydroxide and washed in water before mounting. Live specimens may 
be killed in hot water and mounted directly in the chloral gum. The 
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slide should be labeled with the name of collector, locality, date of col- 
lection, and host. 
c. The chloral gum is prepared as follows: 


Nem Ne iat te ici a Sac Saw} Ao vs Gia ends Cle Bs HaHa RS Ca 20 gm 
ee Si 5-66 
UN RTs ee Vag eae cekaethene wea 12°-ec 
cals 2 17 DOS ea es ie i a 9 ea am i ahag Rn 30 gm 
I ee a Ce oto ee eal eS 3 gm 


The gum arabic is dissolved in the water, and the other ingredients are 
added in the order given. The thick solution is strained through thick 
muslin for clearing. 


d. Permanent balsam mounts of lice and. mites can be prepared in a 
similar manner to the procedure described in paragraph 493 for mount- 
ing fleas. 


488. Collection of Ticks 

a. Hard ticks (Ixodidae) may be collected from their host by exami- 
nation of all parts of the animal, particularly around and in the ears, 
back of the head, above the root of the tail and inside the flanks. Care 
must be taken in removing ticks in order that the capitulum (mouth 
parts) does not break and remain imbedded in the skin of the host. 
Chloroform will usually induce the ticks to withdraw the capitulum. 


b. Tick specimens are sometimes collected by dragging a square piece 
of white cotton flannel over the vegetation. Certain ticks (Argasidae) 
are collected in the habitats of their hosts, whereas some of the Ornitho- 
doros species bury themselves in the soil and can be collected by sifting 
soil over white paper. 


489. Preparation of Ticks for Study 

Tick specimens should be preserved in small vials containing 70 percent 
ethyl alcohol containing a small amount of glycerin. Live ticks, in vials, 
will ship very well if provided with a reasonable amount of moisture. 


490. Collection of Mosquitoes 
Mosquitoes are usually collected in a chloroform tube or cyanide jar 
while they are attempting to bite. The larvae are collected by dipping 
in favorable breeding places. In order to obtain an index of mosquito 
abundance at Army posts and to check on the effectiveness of control 
measures, a uniform system of collections should be instituted. For 
this purpose, it is suggested that four classes of collections be made so 
far as possible: 

a. Aputt Mosguiro Station Cotrections. (1) Anopheline mos- 


quitoes have the habit of resting during the daytime in dark, cool shel- 
688862°—46—35 
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ters, usually inside or underneath buildings near the source of their 
blood meals, but also in other places, such as culverts, boxes, hollow 
trees, etc. A series of 10 to 25 of the most favorable of such shelters 
should be selected and given station numbers. These stations should be 
in the cantonment area or within 44 mile of the barracks. The station 
may consist of only a portion of a room or building if other parts are 
not readily accessible for inspection or if it is found that the anophelines 
are mostly congregated in one large place, as is frequently the case. 
The inspections should be made weekly, or oftener if indicated. 

(2) The collections in these shelters are made with the aid of a 
flashlight, and the mosquitoes are captured with a chloroform killing 
bottle or an aspirator tube. Resting mosquitoes will usually fall into the 
open mouth of a killing tube brought up slowly from below. 

(3) For information concerning the abundance of mosquitoes outside 
of the cantonment zone a second series of stations can be selected, if 
desired, but.the records for this series should be kept separate. 


(4) Wooden boxes, with an end opening of 12 to 18 inches square 
- and painted brick red inside, may be used in places where other shelters 
are not available. They are of special advantage near breeding places 
where they serve as a check on the effectiveness of oiling. They should 
be placed in the shade, on or within 3 feet of the ground. 


b. Licut Trap CoLLectTIons. (1) The New Jersey type of light trap, 
equipped with a light bulb and a suction fan, is useful to sample the 
mosquito population of an area and to record fluctuations in abundance. 
These traps may be improvised, if material is available. 

(2) Two to four traps, depending somewhat on the size of the can- 
tonment area, should be placed at favorable locations for sampling the 
mosquitoes that actually invade the camp. The traps should be hung on 
the arm of a standard or on a tree with the light at least 6 feet from 
the ground. They are more effective if set up where the light can be 
seen from all directions and should not be placed near a street light or 
a building in which a bright light is kept burning. 

(3) For uniformity, a 25-watt white bulb should be used and the 
traps should be allowed to run all night. Operation of the traps three 
to five times per week has been found to give an adequate record of 
mosquito abundance. 

(4) Sodium or potassium cyanide makes the best killing jars for these 
traps, but paradichlorobenzene (Dichlorocide) may be used if necessary. 
On rainy nights some moisture may collect in the jars and damage the 
specimens for identification. To overcome this to some extent it is ad- 
visable to use a small paper cup (a paraffin drinking cup or an ice cream 
container) punctured with small nail holes and of the proper size to fit 
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the mouth of the mason jar. A cylinder of fine-meshed wire may also 
be used. These hold the specimens but permit the water to pass through. 


(5) Some species of mosquitoes are not attracted by light to the same 
degree as others and this appears to be the case with Anopheles quadri- 
maculatus and Culex quinquefasciatus. This fact should be kept in mind 
in attempting to interpret the relative abundance of these species in com- 
parison with others. Nevertheless, the trap collections will furnish in- 
formation even for these two species regarding increases or decreases 
that may occur from week to week. 

c. Brttnc Corrections. (1) Records of the number of mosquitoes 
attempting to feed give direct information on the kinds that are causing 
annoyance and their relative abundance. These records should be made 
after dark and can be obtained either by two persons, one collecting 
from the other, or by one person collecting alone. In the latter case, it 
is best for the collector to be seated on a box or stool with the trouser 
legs rolled above the knees. The specimens are captured with a chloro- 
form tube or aspirator as they alight or begin to puncture. A flashlight 
is used but the amount of light should be reduced by removing the lens 
or covering it with semitransparent paper. Too bright a light may 
frighten many specimens away. The collecting at one place should be 
done for’a set period, usually 30 minutes if the numbers are small. 

(2) Collections should be made weekly at several points in the camp 
if possible. These records are of particular value in furnishing informa- 
tion or answering criticism concerning the actual degree of annoyance. 

d. Larvat Cottections. (1) A system of larval collections or in- 
spections should be instituted to provide exact information on the areas 
producing species of medical: importance, the need for larval control, the 
effectiveness of the larvicidal program, and the changes in breeding con- 
ditions that may occur. 

(2) As a preliminary to this the camp should be divided into a few 
zones or areas, based if possible on natural divisions, and then subdivided 
into convenient units designated by letters or numbers. Within the dif- 
ferent units the ponds, if numerous, can be numbered and also different 
sections of the streams. The purpose is to have a convenient means of 
designating each potential breeding place to record the larval inspections 
and to give specific locations to the larviciding crews. Each pond or sec- 
tion of streams or area of small pools is referred to as a larval station 
or collecting area. A general description of the station should be written 
up at the beginning of the season showing the type, area, average and 
maximum depths, amount and principal kinds of vegetation, etc. 

(3) The larval collections are usually made with a white-enamel dip- 
per having a hollow handle into which a round stick or piece of cane 
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can be inserted. Shallow pans are preferred by some collectors. If a 
graniteware or tin dipper only is available it is advisable to paint the 
inside white as the larvae are more easily seen against a white back- 
ground. 


(4) In order to provide records regarding the comparative abundance 
of larvae at different times or in different areas the dipping should be 
done in a systematic and uniform manner. For Anopheles, the dips are 
_-made by skimming through the surface of the water in places where 
aquatic vegetation or floating debris offer favorable conditions for the 
larvae. Since it is desired to obtain a fair average of the larvae present, 
the dips should be well scattered over the station at intervals of 10 to 15 
feet. The tendency to make most of the dips in a few of the most favor- 
able spots should be avoided. The dips are usually taken in multiples 
of 10 and the number taken at each station is recorded on the notes. The 
average number of larvae present are given as the number per 10 dips. 

(5) The larvae are pipetted from the dipper into a collecting bottle, 
preferably a wide-mouth bottle of 60 cc to 120 cc capacity provided with 
a corp stopper. It should be labeled with the station number and date. 
In warm weather the bottle should be filled not more than half full of 
water and the cork loosened occasionally to provide air. The bottles 
should never be set in the sun or left in a closed car in the sum for any 
length of time. An open glass tube, run through the cork nearly to the 
water line aids greatly in maintaining a constant pressure and providing 
air without danger of leakage. A wide-mouthed pipette with a rubber 
nipple is used to remove the larvae. If an ordinary medicine dropper is 
the only type available the small end can be filed off and the sharp edges 
annealed in a flame. For killing and preserving of larvae see paragraph 
491, 

(6) Inspections should be made weekly in stations known to be favor- 
able for breeding or those that have been put on a weekly larviciding 
schedule. Other areas that have proved to be of little importance as 
breeding places should be inspected at least once a month. 

(7) Temporary pools that produce Aedes and Psorophora should be 
inspected after each rain. 

(8) The mosquito material should be identified so far as facilities and 
experience permit by the station personnel and then mailed in suitable 
containers to a central laboratory or a specialist for confirmation. 


491. Preparation of Mosquito Specimens for Study 

a. Mosquito adults are very delicate and must be handled carefully to 
avoid loss of scales or appendages. Moisture is also damaging, since 
the scales easily lose their natural color. Condensation of moisture on 
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the inside of a chloroform tube occurs very quickly when it is left in 
the sun or a heated place. Furthermore, specimens are usually ruined 
when left too long in a relaxing jar for softening. Mosquitoes captured 
in a killing tube should be left only long enough to be certain that they 
will not recover, and then removed to a pillbox. 

b. Specimens kept in the office in small boxes, even in apparently tight 
pillboxes, are frequently destroyed by ants or psocids. The boxes should 
be stored in a larger box or jar containing naphthalene or paradichloro- 
benzene. For shipments or transportation specimens should be packed 
as soon as possible after killing and placed in pillboxes or similar con- 
tainers preferably between layers of cellu-cotton, lens paper, cleaning or 
soft toilet tissue, if available. Ordinary toilet tissue tends to rub off 
scales but may be used if it is the only available material. If cotton is 
used as a filler it should not be in contact with specimens. Packing must 
be sufficient to prevent movement. A few fine flakes of naphthalene 
should be added if possible to protect the mosquitoes against insects, 
molds, etc., but this material should not be in direct contact with the 
specimens. 

c. Each pillbox should contain material from only a single collection 
and should be labeled with the name of the post, the date of collection, 
and either the station number or individual collection number. They 
should be packed in a mailing tube or a box for shipment. 

d. Adult specimens that have been mounted on pins or paper points 
may be shipped in a suitable pinning box. Pins should be set in firmly 
by use of pinning forceps. 

e. Mosquito larvae may be reared through to the adult stage, or fourth 
instar larvae may be preserved for identification in small vials containing 
formalin or alcohol (10 percent commercial formalin or 70 percent ethyl 
alcohol.) 


f. Larvae are best killed by immersion in hot but not boiling water. A 
temperature of 120°-140° F. is recommended. Several changes of alco- 
hol, beginning at 30 percent and running up to 70 will insure a minimum 
of distortion. For prolonged storage, however, formalin is usually pre- 
ferred. Each vial must be labeled with similar information to that indi- 
cated above for the adults. 


492. Collection of Fleas 

a, Fleas may be collected from infested persons or animals by pick- 
ing. When fleas are desired from small wild animals the hosts should 
be captured by traps that take them alive, since fleas soon leave a dead 
animal. The host should be anaesthetized or killed, using ether or chloro- 
form, and its fleas and other ectoparasites dislodged with a fine-toothed 
comb or with forceps. With rats and other rodents it is usually easier 
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to obtain the animals in traps that kill them. Large numbers of fleas 
are usually lost when this form of trapping is used but enough may re- 
main on the animals to make it worth while. Some animals may be 
clubbed or shot in order to obtain specimens of fleas. Fleas may also be 
collected from the nests and burrows of the host animal. 

b. The dead animal should be placed immediately into a paper bag 
where fleas, mites, lice, and ticks can be collected. It is advisable to 
stupefy the fleas with an insect powder before combing them out onto a 
white paper. Fleas can also be collected from recently killed rats by 
combing them out over water. The fleas jump from the dead host into 
the water from which they can easily be collected. 


493. Preparation of Fleas for Study 

a. Fleas may be preserved in 70 percent ethyl alcohol containing 1 per- 
cent glycerin or they may be prepared for study by mounting them in 
chloral gum or canada balsam on glass slides. The following procedure 
is recommended for preparing permanent microscopic mounts of flea 
specimens : 

(1) Drop the living flea or one that has been killed in alcohol into 10 
percent potassium hydroxide and allow it to remain for 1 or 2 days. 

(2) Transfer specimen to water containing a few drops of hydro- 
chloric acid and allow it to stand for 30 minutes. 

(3) Transfer specimen to 50 percent ethyl alcohol for 30 minutes. 

(4) Transfer specimen to 95 percent ethyl alcohol for 30 minutes. 

(5) Clear in creosote for 1 hour. 

(6) Place specimen on a clean glass slide and mount in canada balsam. 

b. Microscopic mounts of flea specimens can also be made in chloral 
gum medium, as described in paragraph 487. 


494. Collection and Shipment of other Insects of Medical 
Importance 

a. Houseflies and blowflies may be collected in flytraps of the type for 
housefly control on military reservations. Other insects of medical 
importance may be collected in specifically designed traps, with insect 
nets or by hand picking. These insects can be killed in an ordinary 
chloroform killing tube generally used for collecting mosquitoes or in a 
cyanide bottle of the type used by entomologists for killing larger insects. 
Insects can also be killed by placing a piece of cotton moistened with 
chloroform with the insect in a tight-closing jar. 

b. These insects should be packed in pillboxes in the same manner 
that adult mosquito specimens are packed for shipment. Each box con- 
taining an insect collection should have the name of the collector, date, 
and locality of the collection written plainly upon it. 
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CHAPTER 16 
PATHOLOGIC METHODS 


Section |. GROSS PATHOLOGY METHODS 
495. Morgue 


a. GENERAL. The morgue should have good light (natural and arti- 
ficial) and ventilation, as well as running water and gas. -A floor drain 
and. a water tap to which a short hose is attached are desirable. A cabi- 
net should be provided for the instruments and these should be cleansed 
in water and immersed in a 5-percent solution of Cresol Comp. U.S.P. 
(cresol, saponated solution) or equivalent solution for not less than 20 
minutes, then rinsed in water, thoroughly washed, completely dried and 
carefully placed in the cabinet after each autopsy. If an autopsy table 
is not supplied, one can be improvised by covering a wooden table with 
galvanized iron, sheet lead or other water proof material, allowing a 
gentle slope to the foot of the table and a drain with a pipe fixture to 
open over the floor drain. The table should be thoroughly scrubbed with 
the 5-percent cresol solution after each autopsy. Rubber gloves should 
be used by all engaged in performing autopsies or handling the organs. 
If not available, the hands must be kept wet continuously. The gloves 
should be washed while on the hands with soap and water, then reversed 
as they are removed and the insides similarly cleaned. They should then 
be thoroughly washed in soap and water, dried and covered with talcum 
inside and out. Special precautions should be taken when performing 
autopsies on infectious cases. 

b. COLLECTION OF SPECIMENS. Specimens removed during the autopsy 
for histologic examination are placed immediately in fixing solution, avoid- 
ing contact with water. Gross specimens that are to be preserved should 
not be allowed to dry, but placed in a preserving solution as early as 
possible. 


496. Care and Restoration of Body 

At the conclusion of the autopsy all excess fluid should be removed from 
the cavities, the rectal, vaginal, and urethral openings closed; the organs 
not retained for further study and the sternum replaced, the body cavi- 
ties stuffed with oakum, old rags, or newspapers, and the incision sewed, 
using the “baseball” stitch. Begin at the upper end of the incision, sew 
from within out, taking liberal bits of skin and muscle, keep the string 
taut, and use uniform stitches about 1 cm apart. The body is then thor- 
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oughly washed, taking care to remove all blood stains especially from the 
hair, face, and hands. If the head has been opened, the base of the skull 
is filled with plaster of paris, the skull cap replaced and the scalp sutured 
as above. The brain is not replaced in the skull but with the other or- 
gans in the body cavity. If the spinal canal has been opened, it is stuffed 
with cotton or oakum over which the neural arches are replaced and the 
incision then sewed as above. It is impossible to exaggerate the impor- 
tance of proper care and restoration of the body. The cutaneous surface 
should not be disfigured more than necessary, and the incisions should 
be hidden by the clothing. 


497. Embalming . 

a, PREPARATION OF Bopy. The embalming of the head is readily done 
by the undertaker through the carotid arteries when the chest is open, 
but in his absence may be done by the operator. If shaving is necessary 
it must be done before the face is embalmed. The undertaker’s pressure 
bottle with several tubes armed with long metal cannulas, which are tied 
into the carotids and subclavian arteries, is most convenient. Pressure 
is obtained with a pump. The nozzle is tied into the upper thoracic aorta. 
The open end of the aorta as well as any leaking arteries (internal mam- 
maries) must be closed with clamps or tied. It is advisable to inject the 
embalming fluid into the carotid arteries before opening the head, except 
when bacteriologic studies are required. 


b. Tecunic. Undertakers’ embalming fluid or a 10-percent solution 
of formalin in water, to which a few drops of eosin solution are added to 
give it the faintest possible tinge of pink, may be used. As the fluid is 
pumped into the arteries and begins to drive blood before it out of the 
veins, the face and ears must be massaged and moulded with a gauze 
sponge into a natural pose, with eyes and lips closed. The hands should 
also be massaged until white. When the tissue becomes blanched and 
firm, the process is complete. The same procedure is applied to the legs, 
the fluid being injected through the femoral arteries. Some formalin 
should be allowed to stand for a time in the body cavity. It is well to 
soak the organs in a 10-percent formalin solution for several hours before 
replacing them in the body, making incisions in the solid organs and 
numerous punctures in the gastrointestinal tract. Undertaker’s harden- 
ing compound, oakum, or cotton should be spread over the organs after 
they have been replaced. 


498. Fixation of Tissue 

Pieces of tissue not more than 0.5 cm in thickness will be selected from 
representative parts and fixed in approximately twenty times their volume 
of 10-percent formalin. The formalin solution will be changed the fol- 
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lowing day and again immediately before packing for mailing. Such 
tissue is designated “wet tissue.” 


499. Shipping Wet-tissue Specimens 

For mailing blocks of tissue the double mailing case (item No. 4127000) 
is satisfactory, using a wide-mouthed bottle (item No. 4059000, taking 
a No. 20 cork, item No. 7770000) that will fit into the mailing case. The 
label should be marked “First class mail, rush, specimen for diagnosis.” 
Shipments exceeding 4 pounds in weight will be made by express after 
having obtained procurement authority from the Curator, Army Medical 
Museum, Seventh Street and Independence Avenue, SW, Washington, 
me. 


500. Gross Specimens 

a. GENERAL. If preservation of color is not essential, as when an 
organ is to be sent to the Army Medical Museum for examination, fix in 
abundant 10-percent formalin, taking care that all parts are in contact 
with the solution. Bulky specimens, such as a liver, should be sliced 
into thick slabs. After fixation, they may be shipped in a minimum 
amount of solution, using any watertight container available. 

b. PRESERVATION OF CoLor. (1) Fixation. (a) To preserve color 
in gross specimens they should be quickly washed in water to remove any 
excess of blood and placed in Kaiserling’s solution No. 1. It is necessary 
to arrange the specimens in this solution as they are to appear when 
finally mounted, as they become fixed when placed in the solution and 
it is difficult to alter them afterward. The length of time in the No. 1 
solution varies from 1 to 7 days, depending on the size of the specimen. 

(b) If the specimens are very large, it is advisable to inject fixative 
into the blood vessels, or to impregnate the tissue by means of a syringe 
and needle. The specimen should be supported by cotton or suspended 
by syringe and needle. The specimen should be supported by cotton or 
suspended by strings so that it will not be in contact with the container. 
Specimens should be kept in an opaque covered container protected from 
light. 

(2) Care after fixation. After fixation the specimen is drained and 
blotted, and then placed in 95-percent alcohol (Kaiserling’s solution No. 
2). When the maximum color has returned, which it will do in a few 
minutes to several hours, the specimen is removed from the alcohol, thor- 
oughly washed and then preserved in Kaiserling’s solution No. 3. It is 
necessary to watch the development of the color, for after it has 
reached a certain point it will begin to fade and cannot be restored. Fur- 
thermore, overfixation in solution No. 1 should be avoided; therefore, if 
the specimen is to be shipped some distance, it should be run through 
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the alcohol and forwarded in solution No. 3. It is possible to develop 
some color in formalin-fixed tissue, but this method is not satisfactory. 


(3) Preparation of solutions. (a) Kaiserling’s solution No. 1. 


Popnalinene Bases nae Getic sian ae Sine a Mis pape eee 400 cc 
Water sc isis bebet, cohen, aiereieteas nF ait sacks etal ote shale ok lee ees eave 2,000 cc 
PHEBSS LKALE oak Bc als nam BGR ER ee Oe eee 25 gm 
Potassitimn acetate nen 6 facta Ane eiale eo LURUS: Sense ava geome avers 50 gm 
(b) Kaiserling’s solution No. 2. : 
ICORGI 2k: ple bee ue kine de bk ila So ope eee s 95 percent 
(c) Kaiserling’s solution No. 3. 
Potassitmuacetate.. os 06 eisai nee Webcl cacao ae ean neat ee 200 gm 
GivGete 3h sn cue cecaee eee ee Ree a agaen patna hl Sais 400 cc 
Sodium sarsenatec 14.2 aries soe e ea EES tue ee 100 gm 
WY ATER cists chee bone veo omche eat ace aba, Raae aie ie nies eee 2,000 cc 


Note. If sodium arsenate is not available some crystals of thymol, menthol, or 
sodium salicylate may be used instead, but the arsenate is preferable as a fungus 
deterrent. 


501. Preparation 

a. The preparation of museum specimens must be left largely to the 
ingenuity of the operator and only a tew general principles can be given. 
The surface to be displayed should represent as large a section as possible 
of the whole organ, and both the exterior and interior of the organ should 
be shown. In the case of solid organs, such as the liver, a thick slice 
(3-5 cm) should be preserved, since it is impossible to fix a whole liver 
properly. The thickness of the slab should allow for the removal of a 
thin layer at a later date to freshen the surface. This is particularly true 
of the lung, in which case one-half or even the whole organ may be pre- 
served. Nothing solid should be allowed to touch the surface of the fresh 
tissue until it is fixed and hardened. 

b. It is injurious to pack cotton firmly into a cavity, since after fix- 
ation the lining of the cavity will appear merely as a mold of the cotton. 
If a hollow organ must be held open, it is best to distend it with fixing 
fluid for a day or two before cutting into it. If this is no longer possible, 
and it must be propped open with cotton, this should at least be inserted 
very loosely. 

c. The heart, after being opened, should be stretched on an impro- 
vised frame in such a way as to display to advantage the chief lesion, 
or it may be clamped together and held in its original form by a few tem- 
porary stitches during fixation. 

d. The stomach or portions of the intestines can be filled with Kaiser- 
ling’s solution No. 1 or 10-percent formalin and ligated at the ends until 
hardened, after which they can be bisected longitudinally. Otherwise 
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they may be opened, stretched on a board with thread so that the mucosa 
is exposed and immersed in the fixing fluid. 


e. One-half of the kidney, cleanly cut, forms a satisfactory specimen. 


502. Specimens for Toxicological Chemistry 

a. GENERAL. Medicolegal requirements govern the preservation and 
shipment of- specimens for toxicological chemical analyses. For valid 
medicolegal interpretation of toxicological results there must be unbroken 
continuity of possession of the specimens. In part, continuity of pos- 
session mean that specimens must be unchanged by external agency be- 
tween the four primary places of investigation of toxicological cases: 
scene of the incident, autopsy room or clinical examination room, toxi- 
cological laboratory, and the court. It also means that any change in the 
specimens at any place of investigation must be limited to acts necessary 
to proper prosecution of the investigation, and must be fully recorded 
and documented. For these reasons, specimens must be protected against 
chemical and mechanical change, and in ways that are different from the 
preservation of specimens for pathological examination. 

b. Protection AGAINST CHEMICAL CHANGE. (1) NO CHEMICAL 
PRESERVATIVE should be used; for every chemical added to a speci- 
men will interfere with one or more chemical analyses. Instead, refriger- 
ation and rapid transportation should be arranged for shipment of speci- 
mens. Either solid carbon dioxide or ice make suitable refrigerants, 
provided that arrangements are made with transportation authorities for 
further refrigeration if the time of transit exceeds 24 hours. Air trans- 
port is preferable to other modes of transportation. When circumstances 
forbid the use of refrigerants and air transport, and when alcohol poison- 
ing has been proved not to be a factor, by analysis of blood at the 
installation from which shipment is to be made, 95-percent ethyl alcohol 
may be used as a preservative. In this case, a sample of alcohol used 
for this purpose must accompany the preserved specimen. Body fluids 
and other liquid specimens are handled in the same way as tissues, except 
that thymol or toluene is substituted for ethyl alcohol as a preservative, 
and except that under no circumstances should a preservative be added 
to stomach contents. 

(2) Each specimen should be inclosed in a chemically clean container ; 
that is, one which has been cleaned by means of dichromate-sulfuric acid 
mixture and has been washed by several fillings (not rinsings) with dis- 
tilled water. Then the container can be drained and dried in air (not 
mechanically dried as by a towel), before admitting the specimen to it. 
The container must be glass-stoppered, of the kinds shown in figure 62, 
because both rubber and cork are more absorbent for certain chemicals 
and are more likely to be dislodged in shipment. Each container must 
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be clearly labeled, either typewritten or printed, and must show the iden- 
tity of the specimen, its weight or volume, the name, rank, serial number 
of the subject of the investigation, the date when the specimen was 
obtained, the presence of alcohol, if it has been used as preservative, and 
the volume used, and should be clearly initialed by the responsible officer. 

c. Protection AGAINst MECHANICAL CHANGE. This protection in- 
cludes spring clamps, as on Mason or fruit jars, and adhesive tape 
applied to glass stoppers when the containers are not supplied with 
clamps. The tape can be fixed firmly to the neck of the bottle by means 
of string. Each specimen container is inclosed in a clean white cloth, or 
durable paper, and is tied with string and sealed with wax at the top, 
bottom, free edge, and knot as shown in figure 62. Identification of the 
specimen by means of a distinctive impression in the wax, as by a signet 
ring, is necessary for medicolegal purposes, to indicate that the specimen 
has not been tampered with. The containers are packed snugly, using 
excelsior, cotton, or paper. In the case of large containers, the packing 
case is a wooden box; for smaller containers, cylindrical, screw-capped 
cartons may be used. Each shipping package, whether wooden box or 
carton, requires three labels, one to show that the contents are for toxico- 
logical examination, another directing that the package be handled with 
care, and the third giving the addresses of the sender and the destination. 
Where possible, the specimens should be sent by registered mail. 


Section Il. HISTOLOGICAL TECHNIC 
503. Formulas 


a. MAYER’s ALBUMIN. 


pT OR ea, pelaree OB thc Ae Sere Se ps gee Dre 50 cc 
Ce ea ae de Foe. Be Tae IE Feb os ge 50 cc 
See ee eerie AE ries Race eer Caer near Bi, ea 1 gm 


Shake well together and filter into clean bottle. 

b. StarcH Paste. Where fresh egg is not available, the following 
starch mixture is used. Add 1 gm of powdered corn starch to 10 cc of 
cold water, mix thoroughly and pour the solution into 20 ce of boiling 
water, then add 2 drops of 10 percent hydrochloric acid. Boil the sus- 
pension for 5 minutes, stirring constantly. A small crystal of thymol 
should be added after the paste has cooled. The mixture should be free 
from lumps when complete. 

c. Actp-ALCOoHOL. One percent of hydrochloric acid in 70 percent 
alcohol. 
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d. GLyYcERoGEL Mountinc MetHop For Frozen Sections (used 
when tissue is mounted directly from water). 


Glycerol 35.5 SR SSSI ee eh ee 20 cc 
Granulated gelatine sy.ssc5 . Aes 12. ae Ald eek eae 3 gm 
Chrome alum (chromium potassium sulfate)..............++- 0.2 gm 
Distilled owaber © ac sje n coe ¥acee wus S54 ee ee ee 80 cc 


Dissolve separately the chrome alum in 30 cc of water by aid of heat, 
and the gelatine in the remaining 50 cc of water. Combine the 20 cc 
of glycerol and gelatine solution while the latter is still warm. While 
stirring this mixture, add the 30 cc of warm chrome alum solution. When 
thoroughly mixed, filter and add a crystal of camphor or thymol as a 
preservative. If bubbles are present, put it in an oven at 37° C. until 
it flows freely again. Keep the bottle well stoppered to prevent evapora- 
tion. During cold weather keep it in the oven at 37° C. 


e. EOSIN. 
HOS: WA fecal hea sseuk  anseko ows Sa eeee ee toe soap eames 0.5 gm 
PCONOL eas toe rs eee ew eee ele ve aeok eels ae eRe EE 25 cc 
WURSed Water Cosas Souk is oo fe 5 5 ete os kG E Oe eens 75 


This solution will keep indefinitely. 
f. Harris’s HEMATOXYLIN. 


PACHIALORIV AM: os 5-02) + 0 heb 5 sb a vids ein Gt eee ere: san ee 1 gm 
PAT COHOL |S, ccceen.ste nate 8.5.9 aw Oise a os let aia ace Res Reis ce eR es eee 10 cc 
Dissolve dye in alcohol 
Potassium alum (aluminum potassium sulfate)............... 20 gm 
Distilled. water 3<es6icdse with ne ou «ed eee es os ae. oe 200 cc 


For use, 8 cc glacial acetic acid is added to the mixture to 
increase the precision of nuclear staining. 

The alum is dissolved in the water with the aid of heat, and then the 
alcoholic solution of the dye added. The mixture is brought to a boil 
rapidly and then 0.5 gm of mercuric oxide (red oxide) is added. The 
solution at once assumes a dark purple color, and as soon as this occurs 
it is cooled by plunging the flask into cold water. Potassium perman- 
ganate (0.177 gm per gram of hematoxylin) may be added in the cold 
if mercuric oxide is not available. 


g. WEIGERT’S TRON CHLORIDE HEMATOXYLIN. 


Solution A. HeniatoSylin’ 2.5 3 ss wcpaeal er aeeces lees bee 1 gm 
Alcohel (95: Hercetit) <<: “seseucs cassie sway tess 100 cc 
Solution B- Ferric chloride, 50-percent solution............. 4 cc 
Concentrated hydrochloric acid............0000 Bee 
Distilled: wWatet aed. sys tes eke eds oa heen tee 95 cc 


For use, mix equal volumes of A and B. A blue black color develops. 
It is best prepared fresh, although the stain will keep several days and 
may be used as long as it is blue to violet in color. 
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h. ZIEHL’s CARBOL-FUCHSIN, 


NNER INN lg Sig vik a ale ee wind cae Goes tee ien 0.3 gm 
MN te ee ees Sc Sale c's a be ec each peawcads 5 gm 
MN ORI eo nec oss ks Sala ede d da omeue ace ucees 10 cc 
re snc wba waenes bee eb ude’ 95 cc 


7, Orr Rep O Srarn (if oil red O is not available, Sudan III or 
Sudan IV may be substituted). 


0 ats. Ga yissitlee 9h ieee al 2S a aa a 1 gm 
(EU ESARS 7 AS Sa Rae Oe ee eh a 50 cc 
rene reser terwmmD yee. 2), Petes US occ oo cae: 50 cc 


504. Frozen Section Method 

It is possible with this method to prepare a slide for examination in a 

few minutes so that it is particularly applicable to “operating-room diag- 

nosis.” It is also the method of choice when it is desired to stain for fat. 
a, MATERIALS. 


Automatic freezing microtome, with a sharp knife. 

Tank of CO: and connection; the tank to be mounted inverted. 

A shallow dish filled with water. 

A mounted needle, a glass rod drawn to dull point or a pair of fine, smooth- 
pointed forceps. 

Two Pyrex test tubes. 

Bottle of 10 percent formalin. 

Bottle of 1 percent ammonia water. 

Bunsen burner or alcohol lamp. 

Glass slides and cover glasses. 

Seven small glass dishes. 

Harris’s hematoxylin. 

Eosin. 

Alcohol (95 percent). 

Alcohol (absolute). 

Carbol-xylene (xylene saturated with phenol). 

Canada balsam or Clarite. 

Blotting paper. 


b. Tecunic. (1) If the tissue has not already been fixed, a block 
about 0.5 cm thick is boiled for 1 minute in 10 percent formalin in a 
test tube and rinsed in tap water. It is placed on the freezing stage of 
the microtome with a few drops of water and frozen, pressing it. gently 
with the finger during this process. Do not freeze too hard; cut at 13 
to 16 microns, remove the sections from the knife with the finger, and 
float them in water. 

(2) Select full sections and transfer in turn to the following, which 
are in small shallow glass dishes. 


Stain in Harris’s hematoxylin 30 to 60 seconds. 
Rinse in 1 percent ammonia water until blue. 
Rinse in tap water. 
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Stain in Eosin 5 to 15 seconds. 

Rinse in absolute alcohol 5 seconds. 

Rinse in 95-percent alcohol. 

Place in carbol-xylene 5 seconds. 

Mount on slide in canada balsam, or Clarite. 


(3) Instead of transferring sections to staining dishes, they may be 
mounted on glass slides that have been smeared with egg albumin-gly- 
cerol, blotted, dried and then flooded in turn from dropping bottles con- 
taining 95 percent and absolute alcohol, followed by an extremely thin 
solution of celloidin. The slide should be tipped to permit the celloidin’s 
forming a very thin film over the section. The process is then reversed, 
95 percent alcohol being dropped on the mounted section. It may then 
be stained in the usual manner and handled exactly like the paraffin 
section. This method is not applicable for fat stains. 


505. Routine Paraffin Embedding Method 
a. MATERIALS. The following are required in addition to those enu- 
merated in paragraph 504. 


Oven with automatic control for keeping it at 56° C. 

Paraffin, refined (melting point 52° to 56° C.). 

Containers for paraffin in oven: beakers or casseroles and Stender dishes. 
Chloroform. 

Acid-alcohol. 

Xylene. 

Paper or metal forms for molding blocks. 

Two basins or photographic developing trays. 

Tce. 

Rotary microtome. 

Sharp knife. 

Hone and strop. 

Camel’s-hair brushes (one pointed and one 2.5 to 3.7 cm wide). 

b. Frxation. Specimens of tissue which are to be examined micro- 
scopically should be fixed as quickly as possible after surgical removal 
or after death of the patient. A 10-percent solution of formalin is the 
most convenient and generally practicable fixative. For finer cellular 
studies and some special stains, it is necessary to fix in one of the 
chromate solutions, of which Zenker’s is the most popular. If it is de- 
sired to stain for glycogen, aqueous fixatives must be avoided as gly- 
cogen is soluble in water, and absolute alcohol must be used. Blocks of 
tissue should be about 0.5 cm in thickness and they should be placed in 
an excess of the fixative agent to insure thorough impregnation. If 
formalin is used, the tissue may be kept in it indefinitely. If fixation is 
. in Zenker’s, the blocks are to remain in it but 24 hours, then washed in 
running water for 24 hours and preserved in 80 percent alcohol, 
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c. EMBEDDING AND CuTTING. Blocks after fixation are treated as fol- 
lows, the first five steps being carried out in wide-mouthed, tightly corked 
or screw cap bottles: 

(1) Place in 80 percent alcohol 8 hours or more. 

(2) Place in 95 percent alcohol 6 to 8 hours. 

(3) Place in absolute alcohol overnight. 

(4) Place in chloroform 2 to 4 hours. 

(5) Place in chloroform saturated with paraffin 2 to 4 hours at 37° C. 

(6) Place in paraffin, two changes each 2 to 4 hours, in oven. 

(7) Embed in paper or metal forms, with desired surface down, be- 
ing sure to eliminate air bubbles. To prevent crystallization of paraffin, 
the mold should be immersed in ice water while the paraffin is still 
melted. 

(8) Trim block so that opposite edges about tissue are parallel, leav- 
ing narrow margin of paraffin. 

(9) Mount on metal block holder by heating latter, pressing on block 
and immersing all in ice water. 

(10) Cut sections at 5 or 6 microns. Be sure knife is sharp and 
tightly clamped in the microtome, that its edge inclines toward the block 
just enough so that the block misses the back surface of the knife, and 
that the lower edges of the block and the knife edge are parallel. 

(11) Lay sections on surface of water sufficiently warm to insure 
complete spreading of section (40° to 50° C.). If the sections are in 
ribbons, they may be separated by touching while in the water with the 
edge of a heated scalpel. 

(12) Float the section onto a slide that has been very lightly smeared 
with Mayer’s albumin and wiped off on the palm of the hand. 

(13) Drain off water and place slide in oven for % hour to fix al- 
bumin. 

d. STAINING. In the following steps, use a series of Coplin jars lined 
up in proper order: 

(1) Remove paraffin by immersing slide in xylene for several minutes, 
then in absolute alcohol 1 minute. 

(2) Place in 95 percent alcohol 1 minute. 

(3) Place in Lugol’s iodine-potassium iodide solution until sections 
are brown. | 

(4) Wash quickly in tap water. 

(5) Bleach in 5 percent sodium thiosulfate solution. 


Note. Procedures 3, 4, and 5 are necessary only after fixatives containing mer- 
curic chloride. 


(6) Wash in tap water. 
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(7) Stain in Harris’s hematoxylin, freshly filtered, 5 minutes, or 
longer if necessary. 

(8) Rinse in tap water or 1 percent sodium citrate solution or water 
containing 2-3 drops of strong ammonia until section is blue. 

(9) Stain in eosin 2 minutes. 

(10) Rinse in 95 percent alcohol to remove excess of eosin. 

(11) Place in absolute alcohol 1 minute. 

(12) Rinse in xylene, two changes, 2 minutes each. 

(13) Mount in Canada balsam. 


506. Rapid Paraffin Method (Mallory and Wright, method No. 3) 
a. Tissues already fixed in formalin or fresh tissues boiled 2 to 3 
minutes in 10 percent formalin may be used. Blocks should not be more 
than 5 millimeters thick. 
Acetone, four changes, 20 to 30 minutes each. 
Benzene, two changes, 30 minutes each. 
Paraffin, two changes, 45 minutes each (or one change 15 minutes 
in vacuo). 
b. Following the above method, proceed as in step (6) under routine 
paraffin method. (See par. 505c.) 


Section Ill. SPECIAL STAINS 


507. Stain for Fat 

a. Rinse frozen sections briefly in 50 percent alcohol. 

b. Stain 1 minute in oil red O (Sudan Red III (a)) solution. 

c. Wash in 50 percent alcohol. 

d. Wash in water. 

e. Counterstain in Harris’s hematoxylin 1 to 2 minutes. 

f. Rinse in tap water or 1 percent disodium phosphate solution until 
section is blue. 

g. Blot as dry as possible. 

h. Mount in glycerol or glycerogel. 

Note. The fat is stained red. 


508. Stain for Acid-fast Bacilli (formalin fixation is preferred and 
the staining should be checked by the use of known controls) 
a. Remove paraffin in xylene (two changes), then place in absolute 
alcohol 1 minute, 95 percent alcohol 1 minute, and water 1 minute. 
b. Stain with Ziehl’s carbol-fuchsin on hot plate at 70° C. 5 minutes, 
or 1 hour in oven at 56° C. ° 
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c. Rinse in water. 

d. Decolorize in acid alcohol until pale pink. 

e. Wash in water. 

f. Counterstain with 0.2-1.0 percent methylene blue in wa a as 
acetic acid solution. 

g. Wash quickly. 

h. Place in 95 percent alcohol, absolute alcohol, and xylene (two 
changes) or acetone, acetone-xylene and xylene. 

i. Mount in balsam, or Clarite. 


509. Brown's Stain (for gram-positive or gram-negative bacteria in tis- 
sues, checking the staining by the use of known controls). 

a. Stain in hematoxylin 2 to 5 minutes. 

b. Dip two or three times in acid alcohol. 

c. Wash in ammonia water. 

d. Wash in water. 

e. Ina small vial mix 3 drops of 5-percent aqueous solution of sodium 
bicarbonate (2.5 gm to 50 cc distilled water), containing 0.25 percent 
phenol as a preservative, with about 2 cc of 1 percent aqueous solution 
of crystal violet. Immediately pour the mixture onto the slide ae stain 
for a few minutes. 


f. Wash quickly in water. 
g. Cover with Gram’s solution for 1 minute. 


VO GIES See eaace oe So Se eas oe Le es eee ete poses 1 gm 
P GtaSsiteiat (OWI: cok wisn 40 kp be oa ces oe EAN Odeo ae eee 2 gm 
Distilled water: 3 weve ie Baie eens vale SRS ee iapeeio ete 300 cc 


Note. Store in brown bottle. 

h. Wash with water, and blot. 

i. Decolorize in acetone, dropping it onto the slide until no more 
color comes off. 

j. Wash in water. 

k. Stain in 0.3 percent aqueous basic fuchsin 5 minutes. 

1. Wash in water; blot but do not allow section to dry. 

m. Pass through acetone. 

n. Decolorize and differentiate by dipping into a solution of 0.1 gm 
picric acid in 100 cc of acetone until the section becomes a yellowish 
pink (gram-negative bacteria should remain red). 

0. Pass successively through acetone, equal parts of acetone and 
xylene, and xylene. 

p. Mount in balsam, or Clarite. 


Note. Beginning with step (e), it is best to work with only one or two slides. 
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510. Wilder's Stain for Reticulum 


a. Remove paraffin with xylene, then section through absolute and 95 
percent alcohol to water. 

b. Place in 0.25-percent potassium permanganate solution 1 minute’ 
(10 percent phosphomolybdic acid may be used instead). 

c. Rinse in distilled water. 

d. Place in diluted hydrobromic acid 1 minute (34 percent, hydro- 
bromic acid, 1 part; distilled water, 3 parts); after phosphomolybdic 
acid this step may be omitted. 

e.» Wash in tap water and then in distilled water. 

f. Dip for 5 seconds or less in 1-percent uranium nitrate (sodium- 
free) solution. 

g. Wash 10 to 20 seconds in distilled water. 

h. Place in silver diamino hydroxide (Foot) 1 minute. 
(Preparation: to 5 cc of 10.2-percent silver nitrate solution add am- 
monium hydroxide, drop by drop, until the precipitate that forms is 
dissolved; add 5 ce of 3.1 percent sodium hydroxide and just dissolve 
the resulting precipitate with a few drops of ammonium hydroxide ; make 
up to 50 cc with distilled water.) 

1. Dip quickly in 95 percent alcohol. 

j. Reduce in the following solution: distilled water, 50 cc; 40 percent 
neutral formalin (neutralized with magnesium carbonate), 5 cc; 1 per- 
cent aqueous uranium nitrate, 1.5 cc. 

k. Wash in distilled water. 

1. Place in 0.2 percent gold chloride (Merck’s reagent) solution 1 
minute. 

m. Rinse in distilled water. 

n. Rinse in 5 percent sodium thiosulfate solution 1 or 2 minutes. 

o. Wash in tap water. 

p. Counterstain if desired with hematoxylin (an overstain may be re- 
duced with acid-alcohol, neutralized with tap water; do not use ammonia 
water ). 

q- Dehydrate and mount. 


511. Masson's (modified) General-purpose Stain 
a. Sotutions. (1) Picric acid solution. 


eee UN Sc Foe eo Coe db as cage ke sree adhess pose 100 cc 
Picric acid, to sanitate (about 6 percent) 


(2) Weigert’s iron chloride hematoxylin. See paragraph 503g. 
(3) Biebrich scarlet. 


ener MRCRN IGE SCD ET COEL) wn tescikia'ntis a Vagieiwelee Calne,¢ uvangues 9 cc 
Glee EHIAStl 20 ETCEIE)< six arses cies 'c cies cig eed side Cis 6 6 6 oie. ee 
Glacial ACEH ENACT San ns scrc.cse carver? epee eceee weer reererere 0.1 cc 
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(4) Phosphomolybdic-phosphotungstic acid mixture. Equal parts of 
5 percent solutions of each acid. 

(5) Fiber stain, 

Fastigreen PCE or aniline blueMW Sie ss becekc ocoecaaeewar 2.5 gm 
Acetic: acid 2, Sspercent solutions 2282; chpis bs\eesbgweeecees 100 cc 
Boil 100 cc distilled water and remove from flame; add immediately 
2.5 gm fast green or aniline blue; boil a short time to dissolve dye; add 
2.5 cc glacial acetic acid; cool and filter. 

(6) Salicylic acid-balsam. Add a few crystals of salicylic acid to 30 
cc of balsam, or a few drops of salicyclic acid-xylene may be placed on 
the section just before mounting in balsam. (Clarite may be used in- 
stead of salicylic acid-balsam.) 

b. TecHNic. (1) Run paraffin sections through xylene and alcohol to 
saturated picric acid (2 minutes). 

(2) Wash 3 minutes in running water. 

(3) Stain in Weigert’s acid iron hematoxylin 6 minutes, 

(4) Rinse in water. 

(5) Stain in Biebrich scarlet 2 minutes (4 minutes, if aniline blue is 
to be used in step (8) below). 

(6) Rinse in distilled water. 

(7) Mordant 1 minute in phosphomolybdic-phosphotungstic acid mix- 
ture. 

(8) Stain 2 minutes or more, according to the effectiveness of the 
stain samples used, in fiber stain (fast green FCF or aniline blue). 

(9) Differentiate 1 minute in 1 percent aqueous acetic acid. 

(10) Rinse in water. 

(11) Dehydrate and mount (alcohols, acetone, xylene—two changes— 
and salicylic acid-balsam, or Clarite. 


512. Best's Carmine Stain (for glycogen) 

a. Fix tissues in either of the following: absolute alcohol, 9. parts, 
and strong formalin, 1 part, or 95 percent alcohol. 

b. Embed in paraffin. . 

c. Deparaffinize to absolute alcohol; soak 5 minutes or more in 1.5- 
percent celloidin (Parlodion) in absolute alcohol and ether; drain, wipe 
back of slide, harden in chloroform, 5 to 10 minutes, and rinse succes- 
sively in 95 percent alcohol, 80 percent alcohol ‘and water. 

d. Stain sections deeply with alum hematoxylin 2 minutes. 

e. Wash in 80 percent alcohol, two changes. \ 

f. Decolorize with acid alcohol if necessary. 

g. Wash in 80 percent alcohol, two changes, 
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h. Stain for 10 to 30 minutes in a covered dish in the following solu- 
tion: 


Carmine solution (filtered).............00. Rebebdeessachaces 2c 
Ammonium hydroxide (29 percent NHsz)........ceeseeeeeees 3 .ce 
eR NO ee i Ca oss oo cin ee cee pa a meneednedecn 3 et 
Stock carmine solution: 
eran eta te erate i ie git elses kccioé oe esuce Case ke alee 2 gm 
ere SS IUPRRN GER OEE oie sr vied ae cide ceandececuceectas 1 gm 
Metacsrenn ChIOhiGe ts Sr Or. a coor to ke hecececaenueees 5 gm 
BHGtilecawatere tat Ss cen, Dame IN tees cs benics Woanablee wa 60 cc 


Boil gently and cautiously for several minutes. After cooling, add 20 
ce of concentrated ammonium hydroxide (29 percent NH,) ; this solu- 
tion keeps well in a refrigerator. 


7. Differentiate in the following mixture: 


DRE e COOR owe ahh ce Jawad WP Oh ce Uw dda anee doe ce 20 cc 
PGE G RCRD rele terc ee caw wcetciw sa iecase ales Cae pi iggeyee ate Ri oS atone Sis 40 cc 
reap Cem UPC tee. Seer etre Sa a Ny ie alleen sthant’s aeueitn wand 100 cc 
j. Run through acetone, acetone-xylene, and xylene. 
k. Mount. 


513. Amyloid Stain 


a. FROZEN SeEcTIONS. (1) Cut frozen section of formalin-fixed tissue. 


(2) Stain in the following solution 3 to 5 minutes: 
NMG GMIUTIOIEE Ces a occ cs ak. Wi's Gel ain's 4 at crsale, eihearnpiere anaes ats 1 gm 
ee RR ane gra et ald oy usin eat ME LoS ee eee hk em 100 cc 


(3) Wash in 1 percent acetic acid. 

(4) Wash thoroughly in water. 

(5) Mount section on slide and cover with glycerogel. 

b. PARAFFIN SECTIONS. (1) Carry sections through to water as usual 

(2) Stain in hematoxylin 5 minutes. 

(3) Rinse in water. 

(4) Decolorize with acid alcohol. 

(5) Wash well. 

(6) Place in saturated aqueous lithium carbonate 3 to 5 minutes; do 
not use ammonia water; wash well. 

(7). Stain in 1 percent aqueous Congo red 20 minutes in oven at 56° C. 

(8) Place in saturated aqueous lithium carbonate 3 to 5 minutes. 

(9) Dip quickly, three to four times, in 80 percent alcohol ; when color 
runs, dip once more quickly in 80 percent alcohol, then place immediately 
in absolute alcohol. (The 80 percent alcohol takes out the stain very 
quickly, and precautions should be taken that the tissue is not completely 
decolorized, amyloid should be pink, not an opaque orange.) 


(10) Run through xylene and mount. 
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514. Von Kossa's Silver Nitrate Method (for Staining Calcium 
Phosphate) 

a. Fix tissues in 80 to 95 percent alcohol or neutral formalin. 

b. Cut frozen sections of nondecalcified or not completely decalcified 
material, or embed in paraffin. 

c. Rinse sections in distilled water. 

d. Place in a 5-percent aqueous solution of silver nitrate 10 to 60 min- 
utes and expose to a strong light. 

e. Wash thoroughly in a distilled water. 

f. Reduce for a few minutes in a 5-percent solution of sodiuni thiosul-. 
fate to remove excess of silver nitrate. 

g. Wash thoroughly in distilled water. 

h. Counterstain in 1 percent aqueous safranin O. 

i. Dehydrate in 95 percent and absolute alcohol. 

j. Clear in xylene and mount in balsam, or Clarite. 


Note. The calcium as phosphate is stained a deep black where it occurs in masses; 
finely dispersed granules do not stain deeply. The nuclei are red. 


515. Iron Stain (fix in neutral formalin) 

a. Stain paraffin sections for 30 minutes in a solution containing equal 
parts of 10 percent aqueous potassium ferrocyanide and 20 percent hydro- 
chloric acid. 

b. Stain in 1:5000 basic fuchsin in 2 percent acetic acid 5 minutes. 

c. Run through alcohol or acetone and xylene. 

d. Mount in Clarite. 


516. Stain for Mucin 

a. Stain with an 0.5 percent aqueous solution of thionin or toluidin 
blue. 

b. Rinse well in distilled water. 

c. Run through 95 percent alcohol, absolute alcohol and xylene. 

d. Mount in balsam, or preferably Clarite. 


517. Mallory's Phosphotungstic Acid Hematoxylin (stain for glia 
and fibrils; preferably fixed in Zenker’s fluid; if fixed in formalin, 
mordant sections in saturated mercuric chloride at 56° C. for 3 
hours ) 

Carry section through to water. 

Lugol’s iodine-potassium iodide solution until sections are brown. 

Wash quickly in tap water. 

. Bleach in 5 percent sodium thiosultate: 

Wash in tap water. 


S Sa Se 
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f. Place in 0.25 percent aqueous potassium permanganate solution for 
5 minutes. 

g. Wash in distilled water. 

h. Bleach in 5 percent oxalic acid for 5 minutes. 

1. Wash in distilled water. 

j. Stain in the following solution for 3 hours: 


MeN cg ee ei a gk sw alata hs os oe cae} O xk 0.1 gm 
(PUMIpNUIGRERG SIG LSC eri dees caw ccccatesw aves 2 gm 
INR MNUERIN et Ts nna a a Se ada 4 Cc Nitin 2 ws Gn a 100 cc 


Note. For ripening, add 10 cc of 0.25-percent aqueous potassium permanganate 
solution, or age for several months. 

k. Rinse in water. . 

l. Differentiate and dehydrate in 95 percent alcohol and absolute al- 
cohol. 

m. Clear in xylene (two changes). 

n. Mount in balsam, or Clarite. 

Note. The nuclei, centrosomes, fibroglia, myoglia, fibrin, and contractile ele- 

ments of striated muscle are stained blue, the collagen, reddish brown and the car- 
tilage and bone, various shades of red. 


518. Weigert-Van Gieson Stain (for connective and elastic tissue) 
a. Carry sections through to water. 


b. Stain in following solution 15 minutes at 56° C. (paraffin oven), 
heating the stain slightly before using: 


EINEM sfonde thea nn | ale Sins g.nse B diatsik mele ee a ek oe Ke 2 gm 
esorcmser (iresn and ectystalline) oo i es eee bcc c cen 4 gm 
MEME BC an a oe ce ead oor e eck otra n ae Seat 200 cc 


Mix in porcelain dish and heat. When boiling briskly, add 25 cc of 29- 
percent aqueous solution of ferric chloride. Boil until a precipitate forms 
(2 to 5 minutes). Cool and filter. Return filter paper and precipitate 
to porcelain dish, which will contain a residue of precipitate and let dry 
thoroughly in an oven at 37° C. Add 200 cc of 95 percent alcohol and 
boil carefully over a low flame, stirring constantly until the precipitate 
is completely dissolved. Cool and filter; filter paper should contain no 
granules or metallic residue. Add 4 cc of concentrated hydrochloric acid. 

c. Wash thoroughly in 95 percent alcohol. 

-d. Wash in 2 percent alcohol. 

e. Wash in water. 

f. Stain with Weigert’s iron hematoxylin. (See par. 503g.) 

g. Wash in water. 


h. Stain in following solution 3 minutes. 
RNR CE. Ss a 9k Se ia neta ¢ wash Alain, 6.8 bw 9 A 0.1 gm 
DeceRNiMSUCE CMMBCIEIS PME TIC -ACIG 6 5 ko ncaa no's ova o's d's bac sacewede 100 cc 


i. Rinse in 95 percent alcohol. 
j. Run through alcohol and xylene. 
k, Mount in balsam, or preferably Clarite. 
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519. Levaditi's Stain (for Treponema pallidum) 

a. Fix tissue (blocks not over 1 mm thick) in 10 percent formalin. 

b. Rinse in water, and place in 95 percent alcohol for 24 hours. 

c. Place in distilled water until the tissue sinks to the bottom of the 
container. 

d. Place in 1.5 percent aqueous silver nitrate solution and keep in incu- 
bator at 38° C. for 4 days; a stronger solution of silver nitrate is better 
for tissues removed at biopsy. 

e. The following step (must be done in the dark). Wash in distilled 
water and place in the following solution for 48 hours at room temper- 
ature: 


EVCOMAUEC BRIE. co ches eh eg PRG Kae Ps bin 6s Ss BES Oh ee Po 3 gm 
Moguiatin (40 Hercen) 5 bass asaises rae eee ees cane eee 5 we 
Distilied water 55 50555 4535 sie ee eae re ca Ee eee ee 100 cc 


f. Wash in distilled water. 

g. Place in 80 percent alcohol for 2 hours. 

h. Place in 95 percent alcohol for 5 to 10 hours. 

i. Place in absolute alcohol overnight. 

7. Run through chloroform and paraffin as usual; embed. 

k. Cut sections, and remove paraffin in two or three changes of pure 
xylene. 

l. Mount in balsam, or Clarite. 

Note. The organisms are stained intensely black by the precipitation of metallic 


silver upon them; the reticulum stains brown, whereas the other elements of the 
tissue are yellow. 


520. Giemsa's Stain 

a. REAGENTS. (1) Stock acetone. To 500 cc of acetone, add 0.1 cc 
of glacial acetic acid. 

(2) Stock Giemsa’s stain. Place 0.6 gm of Giemsa’s stain (certified 
powder) in 50 cc of glycerol at 55° to 60° C. for 1/% to 2 hours; to this 
add 50 cc of methyl alcohol (methanol) that has been heated to the same 
temperature. Caution: heat alcohol in a screwtop bottle in a paraffin 
oven or in hot water; keep away from flame. When the solution has 
cooled, filter and keep in a tightly stoppered bottle. (See par. 450.) 

b. Technic. (1) Bring sections (Zenker-, Regaud-, Bouin-, or forma- 
lin-fixed) to water in the usual way for each technic. 

(2) Rinse in distilled water. 

(3) Place in dilute Giemsa’s stain 3 to 4 hours observing intensity 
of stain at the end of each hour (should be somewhat overstained) ; to 
obtain the optimal staining after various fixations, the pH of the stain 
should be adjusted by the use of M/15 citric acid and disodium phos- 
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phate buffers (dissolved in 25 percent methyl alcohol) ; the following 
amounts should be added to 40 cc of dilute (1:20) Giemsa’s stain: 


a 


Fixative Citric acid Disodium phosphate 
Pormidhin. 2222s 1.2 cc 0.8 cc 
men wer iS 1.0 cc 1.0°cc 
eee CP 0.8 cc 1e2ice 
| OS, Rishi, 5 aera 1.1-ce 0.9 cc 


Note. The addition of 5 cc of acetone to the staining solution accelerates staining. 

(4) Remove from stain, and wave in air to dry slightly. 

(5) Dehydrate in the stock acetone under observation if no buffer 
was used, otherwise dehydrate quickly in pure acetone. 

(6) Drain slightly and place in xylene (two changes) ; in moist cli- 
mates use mixture of equal parts of xylene and acetone before the 
xylene. 

(7) Mount in cedarwood oil (immersion), or preferably Clarite. 


521. Decalcification 

Tissues containing small amounts of bone are fixed in 10 percent forma- 
lin, then placed in the decalcifying fluid until the lime salts are removed, 
changing the fluid daily; this requires 1 or more days and may be de- 
termined by piercing the block with a needle. For the decalcifying fluid 
use 10 percent nitric acid in 10 percent formalin or the following mix- 
ture: 


MRI ree oe ars oe Vc Se ow SOR od od Sok eth 240 gm 
emer acid. CCONCERETATEE )is oS... 4.seie-c.a's ass Spies sane ies sipetps <:*- OOO 
ery eeepc ot eee Ma aa Eid acon tid, cse %, len oie bs aicie.w eine 1,800 cc 


After decalcifying suspend the tissues in neutral 10 percent formalin . 
over magnesium carbonate until the indicator paper shows a pH of 
6.0-7.0 when touched to the tissue; then wash in running water for 24 
hours, when the blocks are ready for dehydration and embedding, be- 
ginning with step (1) of the routine paraffin method. (See par. 505c.) 
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I eft hes ote’ beac pins dees ee eee 484 534 
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Gelleetss se mean sees SENT Sb eho Rie ahnn ted 62, 66, 67 
Cheinistiy 2eport “72 vg 2s eas sca abaleeeo eden meen & epee 9 
Cithical Sprocedures 02 wus es cass oho ee ee ee eae 59 
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SS ee et Cel Cue Rees Sax Gabe oie 6A cen 64, 68, 449, 450,451 38, 51, 486,- 
488, 490 
LU GES SVG) TOs nie ay 2 SS cca ee ee Sige a 68, 449 51, 486 
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OR IE 9, gra Sra aly rs Gat afd died a's: A vince oes peas aa eais 60 30 
MR Fe ee win Ciena isos oid 0 Vad wccbocs coe tecbsan 443 474 
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Handling of specimens (table XIV)........ 47, 181-183, 205, 207 20, 169, 225,- 
235 
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Eg SRC ere ane Cr a ere a ei 76 64 
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Carmo anomexide: (table KEV). ic. ceases bee's 183, 206 171, 230 
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nti RUNG os a Ss vk os Saw sd Cacia ve as bees Moraes 77 64 
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WEE MARINE CEILI miei iwc he sols ie nc oievo ide. 6 else diaieinsgigis o's adie raha 66 43 
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Films: 
ii a 5 ordi Sed wo pies wk a na ad pak 68 51 
EE GRRA EROS cla Ai wiaigsee'e es oilcm sioner a MLS gas mae 68, 449 51, 486 
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RABI POSES aie 5 oc Cala cence s Fe seinees oe Kereveuee res S101, « 68 
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Handling of specimens (table XIV)........ 47, 181, 205, 207 20, 169, 225,- 
235 
Fiematocrit test. (table XXIII)... 0.0. 6.2. 69;.70, 20/211; .- 52555. 235 
264 
Hemogionm . (Fallquist method) 2... cece cess tee cece 61 30 
Hemoglobin level (table XXIIT)............. 61, 71,207,211 30, 54, 235,- 
264 
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NIASS CLOUDS LES sibel a pits totes hoe ota a ee cis ee ise 88 yf: 
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WADING AI). b bisa leinitleniow sige Gamat ane 71 54 
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Nonprotein nitrogen (tables XIV and XXII)....... 183, 187 171, 180 
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LIRA KOE DOOM s 0 was 52 We ec R tA CESSES RE SNS 181 169 | 
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rESEEV ATION cs hincuine wales Seb ee esse Cate MRE Sane ROE 183 171 
IP ROte Ie elas rok se hibee oa ae eT ee eee 207 235 
Protemettes aaltemnte so 2s G8 cess: ieee les ibsees aed 184-186 173 
Protaroeeibin time: (Quick's méthod).: 5.505 0604.03 50% 035 79 65 
Red cell— 
COMBE (Shas 5b d5 hows Casa SEIN OM ba ROE eee 62 32 
Normal Values i565 2s. Siicds cosas st pe pasaea chee ees 71 54 
Red cells, agglutinogens in (table 1V)...........-eee0. 81 68 
Reticulocybe count <2 5 ob. oye eb a hal ee ewes . 44 61 
Reins LAtuONs Fie bcos bce 882 54 0 E6 Es BA gE EA SA ee eee 95-98 79 
DAL MACHAGM, oe ica vs bce ree Mas OES see aaa 61 30 
TOCPCR MESES 5 52 cae Vea SRAM OIN ReaeheE eG DIRS keto eS 69 52 
Sedinaewtatior tests sks esi claws Ke es eas Soe oe 73 56 
Separation of sertui: and plasma: i. 2itsi. ie eiesceccs 182 170 
orien PeeeCtOn: sis 2: te. tet Joy Pen e Se Sted ha Soe etede 50, 219 21, 270 
Sugar (Benedict)--(table XXII). 6.63065 68805 162,196, 211 149, 198, 264 
Sulfonamides : 
Bratton ond Warshaw se. 5. <s.ewacbe sles cate oes eee 209 258 
BONERS (5 coheed caesbelke ae ae< os ahale SES eee 210 261 
‘Tallquist hemorlopinss Sia sah eta eee be eee eee 61 30 
AT heomiioplasi hss ehs ot cla ke eee ate ad ee eee 79 65 
UreaxGtable 2c) Vand Sexi )a rock fo cakes 183, 191,192,211 171, 185, 264 
Urea cleirance: (table 2 AILL). Aiicshicciteccdtieewess 193, 211 189, 264 
Volume ‘ot. packed ted cells. cavc 2 igs wc oe dun omee sed 70 53 
White Sel Round Pn ohh Sa Seow ee eae cae Same can aes 63 37 
White cells: 
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Oocutt, ime waste Aaice. vin swiss s beet Renee Rav ek ee 179 167 
(PARASITES Si. Ween Are cto dere ve Clcineice Sine ate ak MOE Mice eS 59, 443-445 29, 474 
Plasma (See Serum methods.) 
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Agglutinating, preparation ..........eeee eee eee e cena 288 316 
Agglutinins in (table 1V)........ cece cece eee e eee eneee 81 68 
Albumin in plasma (tables XV and XXIV)....183, 188,211 171, 180, 264 
Bilirubin (tables XV and XXIV).............. 183, 199, 211 171, 209, 264 
Calcium in (tables XV and XXIV)*........... 183, 204, 211 171, 223, 264 
Carbon dioxide capacity (tables XV and XXIV) ..183,205, 211 171, 225, 264 
Chlorides in (tables XV and XXIV).......... 183,201, 211 171, 214,264 
Cholesterol (tables XIII, XV and XXIV)..153, 183, 198, 211 141, 171,- 
200, 264 
PRE SIMA oh, sd Sis ciples wpe ¥ 44,08. niall t6 tare sige oem 79 65 
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RR IE re CEBU oye coisa wee fsck oo on dawis aed st 0 207 235 
Correction for serum instead of plasma.............4+- 207 235 
Creatinine (tables XV and XXIV)............. 183,195,211 171, 196, 264 
Mammen: Cinna: A ALV ).. 2). oe sce vs vine ees oe bles 189, 211 182, 264 
Peer C tate OEY oo i ccs ce aes we eee ee ne aaate 188, 211 180, 264 
Be CBee Wie elas os 9 an 's S lafupa Sletia nin See 181, 183 169, 171 
Plematocrit values, gravity >... 005. oles vate eee ceiee ces 207 235 
MPP mRIINNTE SACI SG Soo oo iar a's oo eielalainste's «citer e tee Saag 207 235 
Icteric index (table XXIV)...0.........0en eee 72,200,211 56,212,264 
jg SEs, 1 a a a nar oe ae PR Ee 79 65 
Phosphatase, acid and alkaline (tables XV and XXIV) 
183, 203, 211 . 171, 220, 264 
Phosphate (tables XV and XXIV).............--. 183, 211 171, 264 
Phosphorus, inorganic (table XXIV).............. 202, 211 218, 264 
Plasma protein, gravity.................65. as ee 207 235 
Protein (tables XV and XXIV)............... 183, 207,211 171, 235, 264 
Somwanon trom plasmas felts e562. ee bii fie. 182 170 
RUB Seeeit MNES mice ahaecva & okSiais ase's EGE Eee tee ee ere rn eres 196 198 
Total protein (plasma only)............0.00e eee eee 188, 207 180, 235 
iS eeL ements SESE A or ewe 56 dikes cues tas sees oa 193 189 
We te As OC Gtk bn we Se dcx, St Es eae 191, 192 185 
Uric acid in (tables XV and XXIV).......... 183, 194,211 171, 194, 264 
EE oS ac ko eb winked be 64, 65, 67, 68, 449, 450, 451 38, 41, 44, 51,- 
486, 488, 490 - 
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RN ie Sd. [obs oo, Puls kms eon ake roe 65,450, 505 41, 488, 554 
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Sucking— 
EMR Seo ce riba x H's Shs Soccer smems d Rada aeie a aye oie 456, 481 505, 530 
CST TES Ge a SR ee id eae a ee ee 477, 484 522, 534 
Sugar (Benedict) (table XIV)............eeeeeeee ty de eta 183 171 
Serrcmamities, Cable CLV). ncn cco cee dew voce ee vle 183, 209 171, 258 
Tests. (See Blood methods.) 
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Blow Gies bsigiey eens el 5 rs gba ee ok Foe OE Sed I Ee ae 494 ; 544 
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BoecksDrboblay: anteditmacs <0) (i553 ss ooo kawere eat 439 469 
Roig stermlizahonie sg 73 0.6 y¢e34- 0094 eee RST ae 29 13 
Bookkeeping 5.5055, A Pvt ats lied P6 Ne AUR bs See Ade Aion are gti 198 200 
Books *standagd? releremce: (5:9 2). x, Hiss 2S. pa eee eae App > 566 
BorabCeneoy taeae ls. 22h 3535 Sas nse bee wake eae serene 263 296 
Borrelia— 
POPE es Se rae Watsons eon SS Rig Uh hie Ce RISER Sek eee 474 518 
Recurrentis (relapsing fever spirochete)................ 372, 478 392, 523 
V BNE EMPLOI GO oh 55 OS TRS Pe the Lae ER RTD a ee 372 392 
VUMCENTU REI orcs Fak Ce Yee Wek seek ee ee 375 393 
PEAY. cpten Pole eet ee etek ein eas ie rece So oe eee 483 532 
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Bratton and Marshall method (for sulfonamides) (table XIII) 
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Bravilian epotted ever: <<. gos esd ck css Ga ae ca en ee 399 424 
Breediny-of rabbits:.. 5.1 os) .h sas 3s .cceas ANS ete 35 15 = 
Bremer dish -metnod, "modied oo. 5 St on oes Ge os eben eee ek 259 286 : 
Brilliant: green: lactose hile broth. oig.Gs. 35 css vckb cn cov ese 266, 392 305, 415 
Brone wel tapeworn Atame- 1)... 5.25.4. peas peemaees 453, 454 496, 499 
Bromcresol— 
VERE oo Seige. sit cog un Ley dateuek Aiee Cae wo ee eR me 120 110 
Patel Oirsy, ciate esis ouccdee sie Gita ee igs Bi a bik ea eee 120 110 
Pirplessmilicw acces Skies rete Cl gee tet oss bee Pee 265, 273 302, 309 
Pepe MAR ONSs Avccga ac thei as Do fu 3 achsones Sa ARO ORS 273 309 
Brompeenol = Dile tess sat tien Ait wes eae es cohen eae en eed 120 110 
ds ULATION Et oi, 6s ciate Sar ake A es eR a, ER IL 120 110 
Broth: 
Desctrose: 7c Sia ss fae cade Seals (ERS eS ee eRe 266 305 
Hor Terme MAH Wests ct os Sah Se ho ce oe emer ho O 302 
EMRE RLS aise hs ha bred Oe Pia ERA Gas ehesa tee Peon 392 415 
WiGart aE erin iy, Fs 5 eeoS sis spss) ate zn ciel ave on tia psa op oes ble 262 295 
SSAA CRIP ACET Baw cae oda diate eu Sv 2 pas a ae ea 266 305 
Bpowin S Sines iyo oss each Secon ka nome alae 509 558 
Brucella (tables: SAV ‘and DOR }ecs caw Seis.n Seebee aes 263, 289, 343 296, 317, 365 
AVN OARS: ORE E84 kA RE EEE SS OER 290, 343 320, 365 
FATIEIG ENS idle ni aeies << tela Mialtecs , 4c Soe see A 287 313 
PECL ORDEAL Eca Sel stake sesncos ons Hae dace OR ES LN 343 365 
SILER Weis and Weds CRC  e RRS KA. sen ed a ne EE Ue 343 365 
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Buffer : 
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Solutions : , 
ciate a Sc par oaite deere tte x keke bee te Ehws 65 
EMI SF EA a yas sit bie hase ce ise ods ba Sen oe 118 
ERRaa ee IEICE tered emt PAG octal Te a eae claw vac 0 8 Mee RS 13 


OE GOR 2 Ene SRD er ate ghee O78 Ra A 477 
Ee MONO SRP a NAG. ag ek'cs ee vanes betbueees 204 
eee Tring SERPs a sw occ kev bee oo sch vekeaeesdeton¥s 514 
I AR oe Pr OP ar Oe aaa or a ee 109 
rtd SY I Re n'y yon adie ome ee 483 
NECN (heh cat Oh eet y Gis oaeln's whe Gat os ees 437, 504 
Canmaa albicans -(table XXXVI)... 6.0 ee 380, 383 
Capillary pipettes ...... ekg 968 pyr tet ne eatery) 13,16, 19 
PION EA A TN eae Se A Le Sn Gye bos ae alely wwe 207 
eee EINE Eine IIPTHIO 12 nyc oc v sic icc by os wa ow bie eee sls eedeeve 241 
Carbohydrate— 

Co Selly tio ise ge a Se ey eg LD ea ie 268 

PNOISPARCEMLCDOEE are ccc the oS eco ie a wise Bie eo dee egle eiwiae eee cleere 9 
Ns OM ERED oe oe ee reecad eM cm eK a eM Rae Su Cm 237 
Carbon dioxide: 

Upp 1a Larch ae eg ein a arp a eRe wi rie SO Il A Aa 205 

BeMerCURCP ENE MITICCH As cic cn cess ec ore ee caia eosin chewy ieee wenete 255 
re Metres IFICRIORICE” ThE DIOOG cs <:Gs'c os wie oR a cee U ne ee Sema ae De hee 206 
averse testOLation Of DOG. 5s. cicuc ae eccie bob.c owe cote ceures ne cele 496 
mer rene = EabiesttOt yy ARMING sd css ys cos sce wane ea bee es 32-38 
Re hw sin be etme be cee paceruse Pees 481 
Mama ee a ee ane Sk Sig Sac cleuatelg wclainans eae eiaig oie 456 
NN co a cfeeg nar o.n'a' 6 go sia, v oc 0% caae cite eugene noes 157 
RR os dias dais 4 Spie'nid 0, ¥.c cal ve A wen oes. ee «a elm mis 454 
ER or iesl wie ia a grit ga rsiheion ee Case kee ree eke ow Rt 483 
UM RUMUEMMT MESS Wir eet wean Eade ca + cit cise an coed ewe eee s em hele 12 
IEEE, eto oe nwa hao dip eae oN REE ONAY Oe Ae 62, 66-67 
NAIC CCL AMC RIUGS , lass <> cons ole vgie-vio.e v'e 6 Pe ni bate Ko beg wee 57 
ee a a ciara ine 4 wa igen § Ga ehighigk © viet e is SON 470 
RRR SERINE ci caog at a 4 oR nit saad Ose 5 Seine oe be deeb ee ees 198 
eR Ltn doe hice PueAS HS anon Gave sei ees 475 
MUMMONMOMAG ARF ia eg a cede re aaees Lene eee danke 475 
SO LE POE PEE Tee) EET CEE MCE Co 480 
Cefeariae i...2..:. LS EE Re PR ee OE ROR hr eee: 454 
Cerebrospinal fluid (see also Spinal fluid) : 

RMR se ou Uthias ass 6 Vets on'ee i eae eos avd ew ete eee 9, 220 

WR IEANG  TCOOGE Po sneer cb. oi 78k 69 cee POE SESS oes Lee es 9 
Oe SO ie ed rag ere wares ey eer TA restars - 396 
NTR ee Gua a cu wacainn weep eon ee a ek eR eee 452 
Chaga’s Disease iio. ee 00. Sp ee pet Re Rao GT ee 445, 484 
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Chainomatic balance sissesscsevcrsccccccccccsccccccsssscesess 101 82 
Chamber count: 

Reds seelisoirices os rshccs eecstpuasico ca elation ieee ais Ripiece Era et aes 62 32 

NAVA Het GGl Leos te vara cose aetoue Gaabaele Goipiae Diss ins ona Gunioia als mince Altace 63, 66 37, 43 
Chamber countitig (blood)... ccs soc pscapsvise ree enh sennennie hem ae 29, 32 
Ghamberland—Pastenttriter tgiyisas.7 sao pic nein gt sole eu sieeve ee 31 13 
(GaeitGvorchausVelilitton oy ante moar Ane one OI S, sateeaus etree 352 374 
Chatcot<_eyden CEYStAIs fy 440bs5 sche a9 oop eecs Sh hae ee pease 440 471 
Chietitical: ‘AiAINSES. 2 sae:cc eas ae a aie o.0-0loo tsp 0d oeiele bore lege Mileage 99-100 81 
Chemical analysis: 

OF Bload sand sotral Mai 53359 3 sac + saps 28s s ase Od awe Oee al 181 169 

(DE) Waters ote paris sie stn donk tau gee ks pad Sweets pues ume a 9° 3 

BEGAN si Sisyp Ear vind Bs might ok e7 m, whos = Ba Vato wi Shae e® Ee 99- 100 81 
eet CHORE cin andes sidhe dvs os 3 ESOS ewe dey aay Ree 21 10 
Shicken PORES (aces «SO5Ne Ss bo ak oe saa ee hwge eke Peo M ne seo oe 410 432 
MARR e a oo ek dislaee Calais Sauce 4 81e Gu) Nore RITA Mean a oie Sead ey me 473 517 
Ciera Bea Tee chal, cou Loww ss begin be Raw e RU Sg eek aes we eae ee 485 535 
CRATE WEE oe EOE Gh he ieee ee eee aba apaeeeen 435 461 
tds esate eS ies eis 35 CON Me a ob Seber same ao san emis piel 470 516 
HERG IVETE hace se rdce Fates stk piv ne ab ba lb-» Bini Orb bimadoainaege 454 499 
(CMP ONGIIID OE eee ee OE EE Ws Ch eesti hale 481 530 : 
UMAR PORE Re Seles gle vg Sars Wiswtuie ad's win pele evahis eG oie hibie OM 384 408 
ee ep arg iets ON Say eke oa a 5s BUR eae aoe lS ali 261 290 4 
Chloride, plasma, serum or spinal fluid...............eeeeeeeee 201 214 : 
MGHIGES: 170 MITC sot le baad Sp PHD ede ais sbaeae eiua es SR eee 170 159 , 
Cilorphenol red’ (table XU) 6:40. ca sae wire ns aren 0s waders nee ee 120 110 @ 
Ghonolate blend Aral seo e208 ie eit «nna pad co sesie ne ene ee eee 264 301 ; 
PG Iera She Pian Oe Ce REE Cee 5X abe kp Mee ERAT DRL OO 303 329 ) 

Rede est rg oes eee ose CI a buns swale SEN Ra eke ae Ores 275 310 

Vibrios (Comma bacillus) (table XXV).......ceeceeeeees 342 364 
Cholesterol : 

Devermuistion or tCtal. ci. d<s Gp ewap ek os shea ss wma eer 153, 198 141, 200 

UHLGe” sail) -ESteried, IMELNOTS. oii os <aics sv one om overs che 198 200 
Ge Eraeven ey EF ea ee ae ae ko ee ae Pee ee ee 446 482 | 
(OHO UIASUGHINGOSIS. 5 455s e'sdes sia 0c snes 0s sss-0e cae pereh rere 380 397 
CVRGOSOWEIED Pooch «oad s La Sis potas nh bed cies > agp as pape Yas are cae 483 532 ; 
Chrysops (Mango fly).....cscsccecesccecceccssccevecceeces 455, 482 478, 531 
Gimex. lectularis (Cbedbug) io. .5 6. cnc cae se cee cee s essa sees ens 484 534 
Citrate— 

Aigas (Simmons). h..¢ [sie oe eee s Oe os SER SNe eee PT 265 302 

Wiilization 4 table: KPEXL) aside cals SSRN Keren Seed cae We 278 311 
Citrated— j 

BlGO gs eth ck sind CC EL lee S Va RET Ree ECR eae 47, 181 20, 169 

Sodignimehilonides=.7.c-3.cskoeas we accis nad katate ooo eters heerestare 267 306 
Clarification of media...... REP ENC  r A OE OK ene oe 261 290 
ates tg visitas a0 owes Oss Stace k eoa pe Win Si Sea eRe 437, 504 466, 553 
Glaric and ak ibs MHeCIUNN Ss 20k kG aki wmisiolaeittsnsaiorere sc teiss 265, 269, 270 302, 308 
Nasi gy tee EA oy cea oe Pia ek bss a nsie Aa we SRS nlS eaeteane AGH 513 
Classification of arthropods...........seseeeecsccecesccccccees 466 512 
Cleaning : 

OU IIEAT eo Bikes es ee RAY aed ene ee Ae rns) GY 10 
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Cleaning—C ontinued. 

a as aa ce ss Wu ie wa 5's YG tw c's oa Cea WORE 20 9 

Perna ae eS Sh oer Bee Nn 20 9 

(Teo? a ade Eck S'S lag eC Zt 10 
Crevelatit and Sanders medium... 20... 2c. ccc ce cceededcs 439 469 
Clinical— 

Methods. (See Methods.) 

SASS able Ea AOER Sal peg a eit ee ie RR pT 9 3 
TSE ME CO OE OTE a SP ce tie Oh a een ae 454 499 
Clostridium— 

EN ESPEN ae ae oem 358 404 

LA TOG aE Cat ape oe ee 357-358, 362 376, 382 

Nie rary Fo 5 Rive saa ais ease SR o Riis Aiesad Skew asm 365, 385, 387 383, 409, 410 

I ace Bot ae EN eee ee ne 8 ae 358 380 

JOTI COE AT wee ES CON RPP tree RYE aa a SE Re SRR acme a 358 380 

ES ISS 22 65.) 3 SE ae a ate ly gn 357 376 

RABOIOINIEE IAI E OR hue le ole seit oie chs Diese ord oa eee ak 358, 364 380, 383 

NN RRR lg Oe oie nk 5p a Sov ec owed ae lc Gh uw ve dee 358 380 

DMM Ga SS Mol ant iu 0. (4s 0% onda news rile hee 358-360 380 

Oedamatiens (clostridium novyi)............c.ceeeceees 358, 360 380, 382 

Oedematoides or B. sordelli (clostridium bifermentans) . .358, 362 380, 382 

NN oO 5, 0 oe hg As dik cowie saw ab ea $s 365, 385, 387 383, 409, 410 

Perfringens (clostridium welchii) ......... 257, 273, 357, 359, 363 285, 309, 376,- 

381, 383 

meme vantinn Septique) «<<... s/n bees hc awe ge oes 358, 361 380, 382 

II IS ee Ck cle Mick ogy ok law et hee Key soe. eee 380, 383 

5 SOS EES IS SOS See ee a aC a ee are ee ENS RRM eet 358 380 

ET ie oy hi els Oana, ah i eau wa es 357 376 
MIR RMR iT os 5 deo iw Wess hs af Pde pthc hinan 78 65 
EERE a 8 Siac Caves va ay hd Sica Wie wick de 286 313 
EIT Ma oe Fee Sa ae. pe 77 64 
Cocci. (See Bacteria.) 

| Coccidiodes immitis (table XXXVII)........:......5.. 380, 382-383 397, 402 
I ig go fe ele wu Gertie diet id gd a 6 diedacag wicaeanne 380 397 
SIRI Me se ia gd used ocd a oie lek ore 35 15 
MINER Mae es ei ei hyd Sa oy See 5 Ce cS ok 483 Gaa 
Cochliomyia americana (screw worms).......0.c-ceecceccuccue 479 524 
MMT OMCRG YBCO <6 iso's 5 oe sos GA oo he kha deci ct ence ck 330, 392, 394 352, 415, 419 
aM Meee ah gas era ce ped Cav kw CAR oeis SaenOe 392-393 415 
Collection and preparation of human blood samples............ 49 21 
Collection and preservation of specimens............... 154, 486- 494 144, 538 
Smeal won test, with, spinal fluid. <. sissies elek . ose bk 433 456 
Mauer IEICE, LEVEL occ. cso 5 9:4 8 93 os 0's Coie scsie ae Gab Hbde 399 424 
nM IRINI Sele tree Oo boa dg iniss < aise ole wo wine bos OR i a eb dawe 331 352 
MRE MENS hte Ie Ge ici ad wn 5 9k a's Sow bine cei iorb in aiace oe do'e bn & 253 284 
Color— 

MIRE rad og Bes yt e cca oe da ow eee I oe 500 547 

ih bern cernneee eee ora cistron Te Ce Ra Ot AE CaS OD 142- 143 130 
So lGermeter weer liiMOr. EYP. «ccc cs + ies ae scie a Sasiodieviows nes voeaees 143 1S: 
Colorimetric— 

ALGAE Sha coats a's cada’ o « bee's OP le Lae ye Sy a 100 81 


: Paragraph Page 
Colorimetric—C ontinued. 
Determination of 


Cholesterol ie iwia i cea Beas oe cherie dG eee Wee ernie 198 200 
HEL, Rit Sos cS La oe co PRE eb a sans ark s owes 117-119 100 
Calorieiny. 2 Ge gpk Pace cree acs Wb ae es nae tie eee ee 142-144 130 
Calpe. tnd oe as See eee wee a ee aa po Oe Re The eee eee 71 54 
COMBA WAS os occ e5a 5 be Poe a fot eas bap pe aus ee eee 410 432 ’ 
Complement-fixation test for— P 
Diagnusis of rickettsial disease..........+.2-eeee seen necere 403 : 427 
EL ee ae area ee eee ee erie wrrr nares oy errs, - 428 440 ; 
Wabishs os oes casas abd Sry Rae hop Lae hae ae eee eg eaare Core meee 414 434 3 
Complement titrations (Kolmer tests) 2020.0 0.60.005 tases eee cele. 428 440 
Cortipleted: 4¢St sis oo 5 sn cn ca Seinen sees -tersungasepewasw es ees 392 415 @ 
Composition of mixtures giving pH values at 20° C. (table IX).. 118 104 : 
MeO, IJCVOSCOPE s iscigis bs Dai sos e cocoa e chien a Ke woe > eR eat pit 10 . 4 3 
SOMERSET SFE ee a tat doe aE TL eeu Eee 208 255 J 
WichOSGOpe ria cpus sv ue pew bab eas Ee Sue ee Meera ne 10 4 
(RHENOBE Di oaks ss fick Sa eee oo Let mak wey ve eee eae 484 534 
PIE si, Pe te eh OE te eas ee ea ae Pah ee aee 383 404 
CONMOPROFER TELS CS e Gisele sn Pests Sos ae eNO aa a pas Leas amie eee 384 408 3 
Conjugate pairs of proton donors and acceptors (table VIII)... 117 100 q 
anurtirestisete said gs 765 ty set otk Oke yy ts oo bp sabes es ach ss 518 563 
MR aes eos ieid, ek oe ean pe a RSA A he FPR TAT eh 484 534 | 
(Sansery ation -iiGditid s,s. eves lereca sis wie Lista ctosd wis ae ipes iokncos is ee Senne oie 263 296 ; 
Constant boiling hydrochloric acid solution (table XII)......... 130 120 | 
Convolted iMaria. (onchocera ys «<..wis kos ou eb aos Pees « Saee e ee 456 505 ; 
ppepbas: (tage, Moy. ya) ence nah is sie ee ea aaee bel ce eae ene 498 + 
Copper sulfate standard. solutions ts 2. (29. ee eee 207 235 
GUpiOr HARP ATE 1 To asec oe oe oe cease aeons hee 196 198 ; 
COneylobin GRinl OPDPME GE Kia vec Ns ats mass soo tee ti sae wee 483 532 | 
Crm aineal <aeak cosas osc CY wae ter aCe a hee coe ee 263, 381 296, 398 
Corrosion resisting solution for instruments............eeeeeeee 267 306 
Corynebacterium— 
DIP NePiee AIANE ORO Y EY risen be ch Seb aes oa seen ak 261, 366 290, 384 , 
PSENAOU I TIO Sr ee ee Ok Sel Os v's Po OR ee 367 386 
Bey PRE 2 RORY RAS a ERE ANT a Pan RR ROE Ba ore eat tree” 213, 367 268, 386 } 
ROGIER SLANE Ue ete t ooo TOON GATS snares ete ere eee ae 236 276 . 
Cowitiag  Champer blOOd) cia Ans ioe eta ates Oe ae eee eee 62 32 4 
Gover -plics  peopatavionssi se) ved Soni ec ca ees ap eee 233 274 | 
COVER Slipd, TIPMEINDS ora fond Seis ca ees RMON oe ee ee eee 25 11 
OX Pye VACCINE) Se eGa chu ee ne eee Chae eGR Vane ene Ree 399 424 
Crane iniee CHM URE): i. ss awirous oe aaa s Fala ae eee 481 530 
PASE an, Mee eos a wile ellen SNe Mow ages oT ae es ie de eee ees 469 515 
* Cream, bacteriological examination: <<. i0 Gaidssea ses SN eo 397 422 
Creatinine, determuhiation:. fo.55 ie AREER 153, 195 141, 196 
GreSteiits! * Care ere ee ee tag I OE Rs 446 482 
Cresol— : 
Compontite “Wie? ysis eo hae eT eR Se 495 545 | 
Red (isle ely Ate ewise gover aie ney ocean 120 110 
PEI Se ce RRS et a Ee eed a eS 477 522. = 
Crossmatcuitie of thinnan “blood! ..0 secre. ieee ccna eels sees 89 74 | 
CrustiGGa iA ice Sec diedcees lend eel ee es 468-469 514 
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TSE Sop at Cag 2 a a ei a i 380 397 
Cryptococcus— 
rare Cte ee, VED oo 5. hk i ds is cos ve haaiele Ooo bs 380 397 
RS eM ie Te ae eh sig SH cos va be Ga k Ge bee uew a aOR ar 382 402 
ME MRMOE PUMMCNNICRE Se eth A. a fs agpawdsae vas dedg or 241 279 
Ctenocephalides— 
| ela “Coe Beat. vin cc) Ciel, Messi opie teen 485 535 
PE RG etree te ee ee ek oh gi os 485 535 
. Culex— 
. at age ore Powe teach Reta vtensaeee 480 525 
, INNIS cv 0) Ee ac al, aiecas Soak veces GANA GR 480 525 
MMS Petr oe Sak avy cael kane cde set's seek es 480 525 
Culicoides— 
! ett rd oes fan Ve ce SA Dd bee fe eee Ri 455 504. 
POONER sche c's ties PSL aN Dos Seer pe een OY eer? CEE EE re 455 504 
I er ee a ee on clea cake euldis au ko kee a-« A552" 504 
Cultivation of anaérobes, methods. . .. 5... 2.0. 6h coded ee sets 259 286 
RC TIERCE oo wo occ mae pean ee wud Voweue sus 246 281 
Culture : 
I See ce. ot eae hale co dee bees 254 284 
Media. (See Media.) 
MCCS ck oe os cae hence Sa pee Cea beadi wae rod 246-267, 439 281, 469 
NEE Rte elt re ore Site cas ece ee ce ak boa taeeds 247, 253 281, 284 
TMG Seta oe ers Hac pacce cen eae heart pesos eaates 14 7 
NNN GL rn ROSIN oS oat 5 ans a2 se cndinele sees Chava betes 505 554 
NE CERI ER Sain Sak ox oy vaccine ree eee abe y dee aoes 456, 469 505, 515 
NE EEOINIE EE oT Poe es kek Pages cee eneies Uncle sews 112 95 
Smmuecereur cormotae (table Li). kl dees chee dace ee 456 505 
I UIE re he ee ec was te cacy ens cuetevdinebias Sys 396-398 419 
BP emo 6 10dme. Stain. . 2.0... 5... Mata Aiea Wisra use ATA Get 437 466 
BN PEIRCE TCINIGMEIE LOS 500. 25a sw nin. ix die in sin wind: alba Pei ere enlcuwy ote de 61 30 
etal HEI CAs MALION co o's oi oic io, Se hes ob os Se ese e dened e 234 274 
NINE SAO eee BPC ic Seg chee cc ewe a naee ee voutes 521 565 
Deerflies ..........:. ME ME ee eet eden nce one aatga ue San eet 482 531 
a Nt ew cial u: oi ogi el Asura (ar vlave-pne'ecn'Oceelesw ese 47 20 
Definitions of normal and molar solutions and normality factors.. 125 115 
er (CUMIG he ioe ee cok Poa ew wee EEE SIT aay CR 103 83 
LEAN GEE UCSER STG ap age A et 261 290 
0S SONOS St SS Gg SEE EAA Seer a pk RE pep CAD AN Sea 410, 480 432, 525 
NNN CID) POE ic aes ck kn sen dav viene wenvencvecdeue’s be 152 140 
DOME CEP SOO 06 coo oa ds oie a ncn yes asap ciccchowts 401, 474 425, 518 
ICME LON: UATIAOULS ioc oo aco otk gk ate oo. o.cie eas ei vidia dasleeaes 401, 474 425,518 
Dermacentroxenus (agent of Rocky Mountain spotted fever).... 401 425 
Ne ee Se dada seen ak hindichadaeunogaeedoaes 483 532 
Piemrrycnolate-Citrate-agar plates 026... cei cies cee wecen ee’ 263, 387 296, 410 
Dretewcnonmte GOlility TESS... i. wn ese een hens ee cnecee 283 312 
RMR a re. ix coed eae habla tic dete ste odes 268 307 
RC er Tee OTe. Se oa ea eas de SER A GALS ie 268 307 
MI te rhe es ela os cba em galas Sgumnieitea d 266 305 
INI ge oe oe Nala orks os eee ae Oe chr u ee ey 263 296 
MET Re ech ccs s t's on ae ih Wes eld Macdeed aah ne sew aie 266 305 
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Cystine blood agar (for P. tularensis). ....cccsccsveceeves 263 
Infusion “rote. sihk Onin aceeees sane besa esos oo sive saat 263 
Lactose * fetmentations.-cs,. cs seed se sweats aaa 2. Se ee 271 
Veal SiO ACAE suas dels etching doh as bo bo ai ewe 381 
Diapliracin: -miserascope =. aes s san dalede cs «boas os ee 10 
DRPOVEEG, RUCRENGUE ig conc sees ee ee fea knee 401 
Diatomaceous filter (Berkefeld-Mandler filter).............. 31, 415 
Diazo— 
GAGE <5 a te Cutt ee se rer aieas 4 055 oe Ne Ee ee ea 153, 199 
BOAR eit: % ses sete ats Griaag) Cams eV Gne oko Ea ee eine 199 
Dientamoeba: fragilis (table XUsV)... .../cccccs sas auscategcavad 435 
Dseudonne’s alkeline Blood agar. i... 5 li4.'sc.ss ns os ves boeboes 263 
PH ChEaiial JEMCORY te COLMA Goi ook Day en ye pu e PY RE e a ~ 66 
Digestion mixture (Campbell and Hanna). .........0 6.000008. 185 
ELL Thr 1) BOS EGS STOMA tage) alate eae ae eae ee eR iy Ura Mintel 198 
Diphtheria bacillus : 
Corynebacterium diphtheriae. .........6...+.s00080% ee ee 366 
DIR £00. sry: otc, ee nak ee en ee 239 
Diphyllobothrium latum ......000 ccc cece eee RPE Oe eee ae 454 
TIROLACCUS PRERIIOUNEE bs... bcs ges se a oleae ee 326 
COUPON. as Bean 8 ee Niky Ae Gea ssh a Hoe sR E PRA 470 
TUPLES CANT do fd big ong sha ao 4 2 ck Shwe g Sake aaa 485 
Me te oe eB Oe ks WS boo Rak ee as Be 467, 479 
SINCE GRC tANT SOMERTON kg xcs, ojua gus osncs Sia dsb race ns seh de Ge eee 267 
Pismiection-or Miscarded Specimens s 46 Jn <.:0ncsns op bide s asa aeice 228 
ROMS rai ease ps esler bees gr 5 «bs: wig Spc sgy clncalos Bes Sch os Rs 208 
Donor, blood: 
BIL OCHIGI ssa th nis, siecg) os aphrsiale-aincesiy tls comeie ie eles Le 90 
URES Cho RE TC oS a ae ee aan Map eeenr ayers, Sea eer 84, , 85. 
Dopner sg Metied Gr Spore Stat 5.65068. ss aia bocmalowe ete 242 
ricusncins A teaile. Nut Vin <the Ss daide dha cas onlgdacee cede eokacaeee 453 
Dracunculus: medinensts. (tables Is) sic. fea hoo ois Oh claiwe seen sls lee 456 
es hf OSE, hy cg coer gee RRR AT heey era eC ER ARM re Cae 10 
AOR Head Spee MEAG etre s es sew cia hed 8 4 uals ek Hedland pies Oona 26 
POT GSeL COLD MR rt ais Ns Serie eer cag Be Ketiaouewee 144, 193 
TRULEY Ss DACs ok uh Rw ee EIDE VALE. WP aaa lew BS cae hee 352 
Dette (SECU) ) 3. siss)so Garces aide (iol Nee ORI IES 268 
DO MGitO les races wah wpaak ana eGR Rc eae eR Rees 268 
Parser s pepteie: SOMO 5.0.554:1:..05ip nbn ee ta base oe eae 265 
Maen tatd Aled Ng A ICCAIRS 5s cha atm. Hina mc ghaserslngtgviae nipte oR 399 
Dwar intapew Orman cenceica laiersandickatyaces Pe CA a Ta 454 
MDP OS eo eee sana Cig Sr STIS Ti Gath bead USTRHAI So ayateh Gas EIS Sse oR tar 261 
DD ySenbeiy <5 Sacins Sats RAE SES Le Ae tt cam daeitie Ore etee 303 
SATII DUG = ae cate er iawn se Poe anl ra tame deal Roan oes Sew aL ea ites ween Na 434 
Bacidlaty- (tape RAY ) «555 Sw hinrda sin /oee nnn Re eh Dees 336 
DISRROSHS evils A vues oe een eh eee au ee aa aie 339 
Ear and mastoid, collection of materials from.................. 214 
Bee oe Se oe ie <i moa iin vorninra ase ei atal ea eRe eae 35 
Eberthella typhosa (typhoid bacillus)................0..505- 265, 335 
TE CTAMODNGAGG: “GUMACO. 25.0 os .ic) lars bss Slate tage paul oem 485 
Echinococcus granulosus (table LI)........... cece eeeeeenes 453, 456 
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TN NG lk aie Ee Cos Ge icc bas ala ct a Ba vow edle cheat 518 437 
EUS Dac) a0 AE Lg SV a a a 117 100 
SSIS SS (SRS Es a, a ae a Pe eR 150 139 
Pere) PORTIA OC VIFHG) 65. ca sas ccses os cc coc cccnapevasecs 409, 418 431, 437 
le ee ae sedate gwd wv ee dan’e Wav aec 497 546 
Embedding of tissue sections (paraffin method)................ 505 554 
IUNNIINS e  gt  es S ks vine a owen 4 410,418, 480 432, 437, 525 
nat ale tae CLAY) os 5 553s sn oa cho bose se cceakees 435 461 
Endamoeba histolytica (table XLV)................00585 435, 439, 440 461, 469, 471 
Putoumar nme Cable A LV ) ic oe ok ca ce ctw cae encee 435 461 
EST is a tlie a eg aS a PE 382 402 
Endothelial macrophages (table XLVI).....................6. 441 473 
Mere PhS Ali) TEMHCOLOTS. <. c= oc nc c.ce vc nccccecoccccocacee 127 118 
Beer tats Bopaiive DacCilis cc cc ccc c wee cscs cevcnctseencec 330 352 
Pe MMMPOINGS  VEFIMCUIAIS oo 2 eco ccc we ne ca we wens cone ne ewe 454 499 
errrenme orient MetiOds... Sac on oak ere vclee ceed come eek 466-494 S12 
Os oe a ce a wa Caudincctavin etka tap usar 503 551 

Ts VS Gate 1 RS ee RO on I EE ne 392 415 

eet tienies Dhae + CLeWINe) ok es Sng es ce bs one ect deen 263, 266 296, 305 
a rITeIRATE WES PENS a POUCE cles g din caiaraccia:sc'b'eca.cfs Sovlbs Ua dis ates sceie's occevee 6 399 424 
SS EGS Ta ao ene re aetna 380, 382-383 397, 402 
Wauimenent. fecal densth:..o. ..eis i set encacec cent esa heey 10-11 4 
EI SE Me ia ons Gb gatas ea gad ely buccaw,oe% eae 208 255 
Erythrocytes. (See Red cells.) 
PseMerIpeviede EIDE 5 6, Sin ene eay adel os EE re eee 330 352 
Eeherichia cols{ Bacterium coli)... 5.55.66 eek ees 265, 331, 394 302, 352, 419 
ee REE eo ore yiake pia bids cceale edie tua ok beae Shwe 394 419 
SES 9 9 Se Ree ee a ae aR ae 66-67 43 
MermUIaCRENEMITAE- IIAT IS on sp nog sc buauwicsccenceeensovs Mowery 446 482 
CTS USSU SS ae ce ee RE aia oy 5 AN fe ny 153 141 

Ne ares cig acc Baletes os Oralhe ado cig te ew wines 208 255 
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ESS SINE Ste diel a are ati Ge ere 490 539 

MU hE i vin chccchale nia x Gd wahnis a scnips wis mwiece ee Oo Ae 481 530 

ESS SN EADS ERS Cy CL ee a a 378 396 

PEPE SPIT PRS, Coie SD SP TO et de SO ES RI OR NE ee 485 535 

PR eee OO te Se Seca its ara oigiei kao a wise ha 455 504 

Pus bacillus (pseudomonas aeruginosa) .......... cee cece cee eee 340 362 

Pumice bodies (table XLVI) ....... 0.6. 000s cece Fea lchessar hae 441 473 

[A LUTIE TTT 0 ae Si PRE GD ae RE eR TES 307 331 

ITM Sei iS bake koi dias sak Onis eas cake ca eae bas bS 259, 519 286, 564 

ER mee Ca tine sd va Qua ned aca eaen dy ty me de 399 424 

Qualitative chemical— 

ME rE etn CGE eas par x x'n alot oe « ainte Bove ws Aie ois 99, 100, 166 81, 151 
SSO es ee Dc nee 431 454 
PSE Seeman ear 6 ab ehiat sare bie Sein Wu dS Rey ma Sea 99, 160 81, 148 

NINE INERER EMME 96152008 o vs aids sere b avn ede chavs n vs bea recdbe 446 482 

SE a ea 399 424 

Quellung reaction (pneumococcus typing) ................0000. 293 322 

Quick’s method for prothrombin time...............0.0cceceeee 79 65 

RBIS 2 ok Se ee a a ne ap ee rea a oe 35 15 
MEME eleeag vate oes, kp oie ee Rea SESS kok Caen ee aes s 46 19 
(INIT 2 ee RRR ee ea a ee Eee 35 15 
MUIR ch 9 tte i oie 0455 coca hd oc beh eas 44 18 
I ES a ee GR a Ry ree ae UA ie it 85 15 

LGPISTGE oS oe oh Oe an ae baa Ii pea Be pb 410, 417 432, 435 

NE TELAT ig cy sn ws, «00. sas < sible wb ajate eins sa a oe cee 506 557 

Delt ea CONDOS CREOPIS)~ 2. 2. oiac oii eo ins ob een cen Bove ans 485 535 

Rats: 

ONE cP RCRA te WOE a aot a a eee ie 37, 40 16, 17 
I Rea ies ics oe a a'mio © n'y 6 35.9 Cae ork ep able Sob eee e 46 19 
NS Re hls cig 0s Ga vein «Ob wie eo barb bo ki oe eee 37 16 

a acl eo Sos as» iin bale vo 0 eae eee ees Cede 454 499 

688862°—46—39 : 
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Paragraph 
RAW Milles sb btieide od CG wbihes Co REFER aE Ae Riecine oa aioe aii 396 
Reaction and technics of volumetric analysis .............+.04. 124 
Oxidation —=teduction ive si ee mae book oekee eee 121-123 
Reagent for acidproofing wood surfaces..............00+0220005 53 
RecepHen: GUATANTIC: spurs cs vies Peer sig ves boss 4a su Vener eee 33 
Red cell agglutination—inhibition test ..............-2.eceeeeeee 421 
Corpusculars volte << 565 sits a s.cae son eho hate cane eee 71 
CGiinte {Spee ae a ie ete wird fo, a el eee ane 59, 61,62, 71 29, 30, 32, 54 
Pirawitipy tee i sic ss cna Gah os o> is Hoe ok ee ee ee ae 80 67 
Hemoelobinveontent=; 255-6 «bc ois sae oles bree en Cee 71 54 
MOrpnolome ffi ess 5 os) seas ot bs sows pees phones bes aeeehee 67 44 
Bclereacen! A ee on 5 vais asym hae edt culckke eh aw ben OO ee App. 566 
Rigatid & BEA OV GPA Ge A imag, hace 3a) ojos Sri aaa ee pee 520 437 
Relapse Tevet spivOCnere |b 2) ssc 00 ns soos uo nebo es ab ESP 372 392 
(borrelia recurrentis). 
Removal Of Slaius- i. 3.1.6 kad diss Le PM: epee 54 26 
Renal. function; laboratory. report Form, <. 05.060 sess sso ee he oes 9 3 
Reports, laboratory: 
ORI ce tt eS Cn cas oe ba Ca Sete ha Pe yea 9 3 
PES oa piss she bs Seay Sheek y ORE Save pa bos bes ae 8 3 
Peeing te eo SG is a Mok o's ues pow a's Fo ao eine 496 545 
COGIC gral ©.) ¢] CARRS ie eps Ot Maleate aonins Tae SRoee meee en Oy 74 61 
IONS REG Gh es kesh aw os bbe 89 ONT peste See 67 44 
Preqieuiilt stairs WW1GeTS)>.0 vec wu nicisan S lery cio ated bate ee mre 559 
Rebiamnose (table oN NOC LL ). Situs ok soe ences ea eae ae oe 268 307 
Role aAClOn= = terse Se eas by PAGS Bote be rg hak eee 95-98 79 
SeeoeasaNis teh. os ao ca ees ka Eee Os ieee ea eae Ob sim e 474 518 
PE: 2 he Seog 6 ay ooo ke ies een Shea Dhaene ee 383 404 
Rhodesian sleepiig Sickmess -.5 3 645. 524 See eaok a tk ee 482 531 
RAGE Water sotOOl otic ence wee een ta aah ains ce ene See eee 341 363 
Rickettsia: 
BUPRELE Teer eee eee Acer ee ein S228 yer Oe seen a 401 425 
(OleCHONTOL Specimens curs rca tas coke ee oe eae eee ee 402 427 
; GULbre rete re re a ee ae Eee ean ee 406 430 
Rr GME TALcsteege Nex athe ees cose re BAe edie sta WUNSR Unig ieee ve Spee 399 424 
(Giineas Dicwereachon 2. ek viet ones! foe Ae cmt mee 404 428 
EIA Ditabe ete nice tage Ree ee a ene tas -- 400 425 
EDUSOPE Sipe de og See DOL ae Dees Late ee eee 401, 485 425, 535 
OPA OE FE ree Seats ES eee RD et Ree ee 401 425 
PROMUSERAG ccs ee. Se Ca ors hak Cae eats AA Pd Ste eee 401, 478 » 425, 523 
PURE BoP is Eo bs Oh poe ota See se eee aed Cee haere 401 425 
Ricketts  Clerwiaceniwovens) oo oo oss coaches fc ees 401 425 
Serologic weactions (table XX XVII) ©... 2.5 sie hs ees Fo 403 427 
SEAMS So gay cspie pd See 28 ok Pe Be SOARS POE Oa Ph erat ieee 407 430 
yi ins pes ies sts Sok co ba ES ea wee ak ee pee 405 430 
NW PBS ACY Fee EC Was sare Sos Sere Sue wk es Hi a CR 399 424 
Wels? elie teachion 2s ade edae eins ba ao oe he oe ee Oe 403 427 
TALS SOU OUGY CaS occ Ou: taeda GR RRS RAEN oe Dew L ee 410, 425 432, 439 
Ringer sssolution esis tken ee eee ee ee ares ak secaheee 439 ~ 469 
Begs SOP TAN StAG OS E'S ok san seat bee 8 a Fad Gals OA ee 446 482 
PROAEMES= ina Cis REN Soe een PSE SE RNS Pere ee . 477 522 


con Soy yee tae 2a ath SS jaa te po eee Aaa ia ea) ma 
Paragraph Page 
Robertson's cooked meat Medium ........... cc cece cece eeceene 263 296 
Rocky Mountain spotted fever............... 0: eee eens 399-404, 474 424, 518 
Roundworm of larce intestine ... 2... . 1... ccc eee nc eee 454 499 
SS ES A ee a ET TE ee 452 496 
en ee at aa eee ee 265, 271 302, 308 
ES SOE CLT RE Re ES 263, 381,382 296, 398, 402 
PPM OMI VERB is. civic kos diy Coie se pee dans esse: seer ceiy Sau 382 402 
Saccharomyces C€PEVISIA’ .. 662 one ce net eee weeees 378 396 
Sacenaense -(seevalsa: Sucrose)... . 5... ee eee ener tees 268 307 
EE CS NS ae ee a des ea re 235 275 
Sahli hemoslobmometer |... . 2... 6... eee eee eee eet eee 61 30 
ERT NS SS S21 8) Sey eee ee ree er eee 268, 322 307, 339 
Salicylic— 
ER Se oat Se eRe os ho Raid si asn ani sWy erste 511 559 
IR MRE Ces A aos se mw ob cpt oe neti ho pee ee Ons 162 149 
Salmonella (table XXVI) ............-----00-- 36, 265, 330, 334, 385 16, 302, 352,- 
354, 409 
Salmonella typing ..... SET 2 RN ee ay PRE Sits MME ee 296, 330 325, 352 
Sat solution, physiological <.. 2... 6.5 eee ee eek tec cee ees 267 306 
Salvaging damaged glassware .........---2- see esse cere eee eees 19 9 
Bie anit hain ny oie eos ese nee Nees ns 410, 481 432, 530 
Sandfly (Phlebotomus) ........... 0000 cece cece e enn nnees 444, 481 474, 530 
Saponin borate solution ..........5.. 000s esc e eee eter e scence 206 230 
NINERS Seater e Sere eee hs Unica e an ia 4 Se aale hte We 483 532 
ee AS Te AO ETE ee RES ee ee ee 473 517 
PrerirSENS SSOIUHIOHE Sais e cs cee sac sha ogee es a oat Pee vies Sey 438 467 
PII ee ADE a oS acct etka Pads aeans creas eta 454, 457 499, 507 
CNRS Sole oS Trees ac cde ek ck rkde due Lead w e teense 446 482 
OSI STO Sera Seana aria A ee oe 446 482 
Schmitz bacillus (see also Shigella ambigua) ...........00000005 337 358 
ne treme fo Ss a gh Ses nerd ees ea lee 446 482 
SESS OOS De ae ar ae a a Be ea rae Peer ra 470 516 
NRE ME pi i karen do oo ka occ bees aene cakes qaee 475 522 
ES ST ES ona te ee ar eee Erne 69 52 
IIE rs tog oe hie oreo a cua Wald os dene wasn denee nan 429 448 
PCR TEMPE Re etic ee < aoe bk va ne bine Uden neds anid'eis +204),401 403-, -363;.425, 427 
PU Ge eg oe ee a a oe ea ge kee ee Pee as 473 < SbF 
NE ae I oe Pe is ko alee BA? hols OE ERUE US while 454 499 
TRIES EMBO? gs rt ae we cis a ne Coa hide Me Sewn 73 56 
Sediment examination: 
Se ee a erin ere eg ae eee 158 146 
IRI ree mi. a seat ht ea as Vey 159 147 
NIM tah Soe inn © og NF i sx GIG Gs wo ss WE TA BA RS 396 419 
MANE IMMUNE Co itn 66 Gab oa as coc 2 06 Vee A nad os 156-159 145 
Rare ah kav Co dog's Pan GA we SERS IE Maia, 378 396 
Sepmentea-nentrophils (table, 1) is... ei. Siac oe ions coeds ve ae 66 43 
CMRI SU ai, et as ose be Sus dagen ¥ Oe RE 446 482 
EROS Se oc a a ae a 31, 415 13, 435 
Selenite-F— 
UMMM 6 class pin wing os SA Gee OR SN RRIE Sass ke Caeak 387 410 
Enrichment medium ....... Tarde See cena ae Macy kate Tats 263 296 
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Paragraph 


Rallee'g Stal -sclss< s6-05 5% <a dale bbws oh Ree me a he Oe ee 417 
Bomisclid niedias 86604. be ce's beeps biy ss yes 6 one See Be a eRe 262 
Sera— 
Agglutinating, preparation ..........e eee eee eee eee ees 288 
Prepared 6555025555 beh s boas OOS 5% vs sina ve an ge eee eae 288 
Serologic— 
Heterophile antibody ............-secccdeeceeeeeenccetaces 298 
Macroscopic agglutination test (febrile antigen kit)........ 292 
Meningococcus grouping ..... cece cece eee eee teen eeeees 295 
Methods (see also Blood serum methods)............++: 287, 298 
Microscopic agglutination test ........eeeeee eee eee re eeeee 293 
Pneumococcus typing (Neufeld reaction).........-..+-++++ 294 
gE EASY eet a Lowen ee re PS RUS Si Shae eg paren UMA te BIE 403 
NSA NA TEINS “toacc Joa <5. 5-5 aie aoe 5 o.b9 i Vols ele mnie Oe WS ae are 296 
Somatic antigens (Biens alcohol method) ...........-....-- 287 
Streptococctls STOUPING |... . 20.055. cess sewer wre es reece ne cnet 297 
ANSE Drifo} Bi yilicb Comey eee ace ar O kan DEO ee Po ee 414 
Weil-Felix reaction (in rickettsial diseases) (table 
EEN ad x ccelsiSinis meine hme ae wie Sa belie. MEER Em 291, 403 
Widal test (agglutinins in patient’s sera)...........-++--+: 290 
Sorodiagnosis Of SyPHIIS 0.00202 ct ese eee sesh phe ene seen 427-433 
SeeIOG TOMS aoe oak sees os bar 8 Sta SS Sos eRe ss bie Ro eh ene OnE 9 
Grate GRAPEESCONS oc scnie red 5% 4 ood 08 oS bean Koy 'ss she ale bei e& 31 
Serum: 
PAE UG .. Rabie ek hale va awa eee SES eee Ev sic ae Seine nine  itoree 264 
Agglutinating, preparation ............ees sere reece eee 288 
Blood (see also Blood serum) ........-+eee reece sere recess 47 
AAT Ra ee es a oS nS age aw mega raeseaS 204 
Prepared ee. Bac phan + 65a saa se oh eee inen aah eg eras = «wie eae 
Tyrode’s solution ........06.ceceeeee ee ee ener seeeeesencees 413 
Shake-agar method ..........0s. sce cece cence sce eee es eredeeense 259 
Sheep: 
Bt yh ate ae sae Ula Lee coe a Fett es kas ekep eas eee 483 
SGEDUISCIES O80 fic. docu aceon as oe titers secre enacts a eanheer 428 
Meer UE ET Se is ried os Fons déa0) Mars Sods dae wou aoe oR ane 454 
Shigella— 
Alkalescens (table XXXII) ....... 50 ees eden ones 338 
Ambigua (table XXXIT) ..... 02. ices eles s ec es ec eee ee den 337 
Celyonensis (table XXXII) ....... eee cece eee eect ee eee ees 338 
Dysenteriae (table XXXII) ....... esse eee eee eee teen ee 337 
CONES oe ene Fe eS eee SE RN Gls nels Si aw Sea Na 336 
Madampensis (table XXXII) ...... eee eee cece eee eee ee eee 338 
Paradysenteriae (table XXXII) ....... eee sees eee eee 337, 338 
Rabaulensis (table XXXII) ........ 2c ces e eee eet e eee eens 338 
Salmphella aeae (fy cyiekse ds eek Ssh pa be eke pawn eam Coe 387 
Sonnei (table XXXII) 0... cece cece ee eee eee eee eee n eens 338 
Species: 
Manchester type (table XXXII) .......-..eeeeeeeeeeee 337 
Newcastle type (table XXXII) ........ cece eee cence eee 337 


Page 


435 
295 


316 
316 


327 
321 
324 
313, 327 
322 
322 
427 
325 
313 
326 
434 


320, 427 
320 
440 
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Paragraph Page 
Shipment of— 
VEE il ae a 230, 442, 465, 487, 489, 491, 494 273, 474, 510,- 
538, 539,- 
542, 544 
eee ER TRTIOTI SSF! ates wins vk view b's so Se bre se ead Ne 499 547 
I ea ea Sl ask aon eeanewanec cue 186 ° 77 
re ete Tenet Tere pete eS mt ns ge A a oe 201 214 
Stmulium (bloodsucking blackfly) ...............cc cece eeees 456, 481 505, 530 
MURINE. EMUNEMIIIOA 00 iO are cnicn ones ates oe ve ata vbavctes ke 456, 481 505, 530 
Suilisesveolleciion of materials from. 2.4.25 <.524..2%%..5.250 220 ye. 215 269 
ea 2 oS) A ek Lae 485 535 
NEEM R eae See ee cab hea wk eee eee’ ¢ 477 522 
nT PUNE Cee re. Lee Ee A ee, 445 478 
SS US ETE SEI oe aera ies a 25 11 
SN EGO EE er 8 Soke eos Sees Se A a oe a 410 432 
Smears: 
pee RRMA = Bo ys So veh ea kee m dpe dae 437, 438,442 466, 467, 474 
I oe a ee ees Cos te Yat’ Sopa ee re 68 51 
ISS EGE IRI SS" RES SO an le SS CA ea a 235 275 
ESS Tae Gee oe Sethe ae sp eA ese a aA re 259 286 
REELS ee SHA re ok ee Fo eet 2 453 456 
Teel are tal Cand ry Brahe a 35 15 
Sodium chloride (See Physiological salt.) 
Sodium— 
(NINE Ma 2g NBG) 2 PREIS Siege ae gdp trie a te ae dE ea 265 302 
DIM IME MINI at Sci tee Sac on, Salts) co Leal Se 267 306 
emer eemmnre ea este gies co SS e ee Ie es cre a 394 419 
ITER ae Sree ek os eT Prete 2a ee er ee 261 290 
ORANG a Erte cee abate nen tee an ie bey cea Lh a Ven 322 339 
MINI lose alae reer en sis oe bo cn ol = sae ve. NY Sit 206 230 
Pivdromide Standard, preparation ....... 00... ccc ec cee. 126, 133 116, 123 
UIT TENS ae is ai ee sa be ea ee he eer tate ae, 21 10 
EEE RE oy PI mere eV ur apd cree Pn ager ae 199 209 
URINE sg oc le bo diedecchecs sek ese cee 139 129 
Reems 22 peteent solution ©) 6.0 .'.k. 8 od ch ccd icc cies 188 180 
6 TOES a ts PA ega t 261 290 
iy TRUER SEEIIONY 5. f wicna ke 64.0’ 0 exo wat <'ssce Cv voces oe doe 20N 128, 214 
PSL RSE EMEA ee AS Ltn a ye a SEU LS 184,192,208 173, 185, 255 
Solution: 
pA PRIN <SETPOMIC ACI; os Sco kde cera dee Co csuee ese (202 218 
Ammonium oxalate— 
PER OL fF a Gn ee ee eat ag gee wien 236 276 
ER Meise AWE a ht ioe OC a Se Boa ca Cow ane ae oe Cab anen 65 41 
Compositions of pH standard (table X) ................... 119 104 
EEE goon Fo ee OX eckson wha ueoni wae 141 130 
Constant boiling hydrochloric acid (table XII) ............ 130 120 
oes so v's hs s/s 0 eh Come ye de 267 306 
Ie ae. 2 oh nice wd EEE bo cece ean ak 236 276 
SERRE eat ee ohh Pe cae ois Oe sR reind os So akéut 137 128 
MP ANd 3) os oi chs co ek cck orvcesdae 500 547 
he ame 0 95 ok oh os soo CR eee wicee Fe eee une 437 466 
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Solution—C ontinued. Paragraph Page 
Potassium—C ontinued. 
Miscellaneous o5s-cie sas kone tae PRELUDE a ta hep oae eee 267 306 
Molar, ehartion 054555 .aos. ee sae ie adcs cy see operon aes 125 115 
Niessle rc ea se ea ha oe aed eee re aos na Eee ape 177 
Mot tital - SIPRAEIONA: | occ yh kab Gea ee os os see 125 115 
Phoshousoly gaye osc. <5 59a ee oa oid ao We Davee PER Ow eee 196 198 
Potassium— 
TPCT RAN aa oa kee Be Sia gdm Fe cn > 4 oe AS ie ales 135 127 
Re rnicyanide oan nein soruketl co cist 65. oe bea cae eigen eee 206 230 
EBD ce a hance ae oe a ek ak wink oe RS tok ig a aa 134 127 
Petinatiaranate ree octet nae isis hace AS ens teee eiae te oe 136 127 
Prepataiionaots standar oy. oases acta scabs oo cae ree 126 116 
SAPOILDOLalere es cra ees sea ti mouioucal sere ls pee oS aa ae See 206 230 
eM oR Sages poe a are sate av oe sc hee a eee aa ae aS 438 467 
Sodium— 
RA VUSARMINC Gs ulus cna bis SS BRS EOE Eee oc ee 206 230 
MOMMA eos OS okt ates! oe Wis og odo GARE baie Ba REE 139 129 
OD ee UALe 2S 9. v7.5.0 tet ook eae Sea ae tT a akotaes 138 128 
Sirs ATTIRE EE 0 orig inc co's Swiss Pees pees Oe Vo ae 129 119 
By oc) gh a Le gn Pare ene Patan GN pRNSEN ies hy Gh Pe 413 433 
Volumes; temperature effects on... 03... cs wlaeecccs sue 128 119 
Solutions, standard: 
Antydros: sodiim- carbonate’. 63. 05 ins es sca oe an ea een 126 116 
PEROUIONS BORTUG 65,0 Sos Boe cae eR oe Cente eee Bice eee 126 116 
DRSIAG LN ee oe oes aig es ba KA eee OR Cote eee 126 116 
D MAVOEOOUOME BLIG 1, asic sto een Rak es Lit EOAS Meee Cae eee 130 120 
NG Fin celiae brite ete ee ec Mars ual » eta de Lu 5 Grane See cee eee 137 128 
My/5 ‘acid potassium phosphate.) a0. 55 ber sc ek Kod ean eee oe 118 104 
M/S motassiin Chiomde:. 5). + veisas sa55s 05 <0 a5 tek Roe 118 104 
Potassium— 
Pra Sanne ok ois ee os CER cok cot ew ee mei 126, 133 116, 123 
Bistoulatese os ccf o sas Sei ae te SE eae COREE 126 116 
Eile a 1.2) taupe alae GRDEND Bete ae Ue ieee nat Ae we ee tees 126, 135 116, 127 
PIRES oe asic ak eine ycle ee eet ae oe 126, 134,138 116, 127, 128 
(oe TET N:P ageang ane gre Sed ears ete were ary eer na Pe Gree 126, 136 116, 127 
Sodium— 
PA VOLO BAe joni aii Ss bok ag > Shah ite ae ke Re 133 Be 
GD: Ey Ra Renee lca SEO alr eA Gok mre ae” Gare are A a 136, 139 127, 129 
mettaborate “(bOrax): 2% ac. c ke ors bro Hee ie are lenin 126 116 
MEeTOSUT Aten core oe cle tes sie seer hi ORR Cele tie er eae 126, 138 116, 128 
Stee PEE ro es a tern ch eee sk sae a Ee eR ae ae ae 118 104 
Sulfuric eaGide rare she ee aes Sie one A ims en RR a eee 132 122 
MOGI E ATE sore pas ida Wie vss RAT Dida Od A ere Seas ie 123 114 
Sone S UACHIUE . a ese Anka adc cea Sees Soe ce CaS ee Seen 338 359 
OLDIE LSEE BEsO OUT NUOL) sc oss de ge Le sao wb 6 os SUES SABRE 268 307 
BOrhitGl: (IADIE PO PED Pataca cas Cree oa Oh kee h Sines Fe 268, 322 307, 339 
Sordelli bacillus (Cl. bifermentans) .........0..00 ccc cece enews 362 382 
Sotith Africa hth Dit fevers. Pass is vena emt eves tose 399 424 
South iamebican binstomiryoosis |. s5. eas ceo kwh ome kcnans ee eee 380 397 
SPAPPAHOBIO’ Ft Lak ws Ec eb EN ae coda d ve RNs oe See ean wiabe 456 505 
Spar ganuin manson Crane Ly se ins son is ove as bes 456 505 
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Paragraph Page 
eae cele lay ca atig Oh cote ciecs anne peti wnesetne 467 513 
Specific gravity of— 
te Pee TEGAN Kawa de ceca ce declececeseneveceded 207 235 
eae iret (Un Gace’ Chalacecds cess cadegecieteetees 155 144 
Specimens : 
Comectmm ond preservation ... 535.5600. .6 6 154 144 
ESS SS ESESRS SSeS rare era eS ee ae 490, 491 539, 542 
EIN ee She Se OT Cute ea cae s te ah cele s 495, 498-502 545, 546 
EES ee ree ches es 465, 486,502 510, 538, 549 
eI MINNIE ts SLL agacacaoriak eases estes 502 549 
 INOPMNNINE Pe oan ake av h Ua sc aGhs beads cc eceae ews 149 138 
Spectrophotometric procedures. (See Photometry.) 
I Cece tn rear beets Suweae sha vinie lat. 378 396 
EReter eS Ch. beet ee etc tuk ths oeehaneacachie ees 472 517 
Spinal fluid: 
I te cay gd oe dick alee ae Oh ea «Cae 208 255 
ac Aa ees RN A Ge ma 201 212 
Pa rs S's dig wey. we ee Sol oe 6 ba hee noe Pan 9, 220 3, 270 
EE ENEMY Vir Scissor oO cans Geli s sie wide wie a bie ole 433 456 
OS, ae ea a eo 428 440 
IMEI in fo Fe See odd ia voi sa oe ick Se, wk ees 429-431 488 
Peemeee Beet ORME POET V > a. oc os. ws obs vo be asda ee cs saws 428 440 
RuRIEEREOGUE Sg ee cat ca vee colossal bees 9 3 
ommmet CAPM IRIE IM Cn ee oe a's cig sug a cals oid ecw se a 8s Vieba 184 173 
Protein, qualitative test for (Pandy test) ................-. 190 183 
RU EERE Boog eo Se ed pd gt aw 5 oo Sk woe 196 198 
IRE ea ee oc eee et aie igh « By Sane 190 183 
Spirochetes : 
re Ae oe be eee a o's v Qa bigs wee Mdin 244, 245 280, 281 
MPM IMAM. oom . a4 ce Sik sc verge Gh cc savas’ 371, 376 391, 393 
IN a Zk NL eS ee ates ee cea ne eeb en 444 474 
I Ne gesagt ie Bo os Kn CTS Ped case es 357 376 
Spores: 
SSIES RIS ip ED ROO AEA ee 257 285 
Se ee et ene are 257 285 
PPCMMCIM ME MIVCOIORICAL 625c 5 ooo ccc occ soho deh ohne sdecas 384 408 
TE SE EI SOLE a TE EEE EN Ae ana IE 382 402 
ant tor tmorner's method). foo... ve odo eciesdeasacee 242 279 
eeegres. “Cenmmicmophores )) 6. 65k oe cc weds dn Haden deen 384 408 
TS IR ae AT Age Oe ec ae Tap Mio Oe eC ei 380 397 
EEE D ET A I ep aE ene Pe eS 382, 383 402, 404 
ePparamichum -schencki (table XXXII) -.....0005.cs00ce aus 380, 383 397, 404 
POTOCONES ogee cic swe pec te hie UX es ae ea tae ha eee ee 446 482 
Sputum: 
NNN eee eee tcawbimes aiciemos OU 269 
et eet RARE AER SE Pee ie Te TEE 9 3 
EN be sah a eo doen whist pine ne Oi OE 67 44 
SHADIEMIES )-225.%.-...... nA a goth ear ede pe ap, OER IBS ey ETE 482 531 
SR MN Ie ra cigtDie sw falc arciaidocinediotss wile caked saqabasd 67 44 
IRIN aso ae ono csihisidkus vise nd.k ccsponbavib vio 10 4 
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Stain: 
Kisd fant hacdll SS ccse sss hae ee eee as ee ees 237, 508 277, 557 
Aamyloid 52065 5.5 owas 1ks saan ae rea ios «0 an 513 561 
DAG OIGIO RIAL ile pikes dng baa aR edie Sw nlau ho eARAEENA 231-245 273 
Brown's (for bacterin in esueg) as ods dni e'-d pare pees 509 558 
Calcium phosphate (Von Kossa’s stain) ............0.--00. 514 562 
(cabeule -wistaleraliOn «55 505 sbi asic 4 seb o-oo vise meas 240, 241 279 
3 Gonhpetive rinse fos hes odes ys. 254 cee os may aatle ee 517,518 562, 563 
ties ara See ras oss be ava scab @ beh coos on eee aR 239 278 
PAE se tis eienet bo sachs cmties Sook bas ssa bo belie Ee pene 507 557 
FlaceilanGinetsom method) <2 sis 0. cee s pes ees baie ee 243 280 
Honmiilaetisey< vee bhai oe cond Ceo ea Lo 4 cee an Je pease 503 551 
i TURE Alo tS aien ssid the ou chs 00> $8 bo De RRR Ee RN 407 430 
CPE RNORE aia sous ek ob ss oases eh attest ee cee 511 432 
Giemsa Bas meee tke sae can Ohare genes 399, 407, 450, 520 424, 430,- 
488, 564 
SAV OORE TASOStS CAPE). .c5,54 2 s.c5.cesicoee behead one won 512 560 
| ACCME te UE Ls wh hs fee SG eae bow oO aw ote A eee RCE 236 276 
_ Hematoxylin— 
PAAR Fone n Uanitani a beak os aeie an DSi oie eS Anas de Eee 503 551 
PACHA ANS ON leraiete aio» dsl, San. bo 8 aio aeia(s 03 SE > AM 437 466 
Weimeidisata sere Saar oc och oa hie lola oo Ieee Grete 503 551 
Se Deemer Sea i a ER A eR 8G Bb isc 515 562 - 
Macchinvelio 55/25. % Sige Sh cal ee Sak Le ie een 407 430 
PM HIVADISEYIANAE Soc. 5 fo sb bw ce oe coo Gn> Moe leaks baa 238 278 
CN a cine 50. bit ba coe Cee Ea De ee ea he Ee ee 516 562 
Biempowal Settee Thee ks Ass Ses Oe er ae 54 yo ais 
CREST Tish reer it Qi 1/1 ccc a eR iets SALA an iiatager ae Aen rey Mayes > 510 559 
Bpinocnbies “A Nagin). 3.5 suse ca ceelbes Cac sash e come 244, 245 280, 281 
NONE AM OnMee Me HHO)» c4 GS oo555o rab vena SU ae 242 279 
repre ce Be op ne ate ee oe oe ag es oe 519 564 
Staining: 
SB Hines gr vcs Peete ic ue th ete ek oss eer age 450 488 
Picmmtienra seis sissies oe no ecb s cote pekabo kee 437,438,442 466, 467, 474 
Ra deena pow ce CC Ra LE SAR ORS aoe Ges LEAS 231-245, 505 273, 554 
Standard: j 
PUIG. GMa kaa x aah ys baa b DER ESS SS Kanes ape h ea ee 126 116 4 
Rp MAR. BRM 0 oy kc Ak ose d Ge RSLS TESA REAR URS CAT EEO ee 266 305 ‘ 
b Adtealinbe ie au gcatvsh van ss socucwaliec inet De 126 116 
HE, Obi x anna tea Paneeueckk sak che keuLse yk Abeta 266 305 ! 


Hydrochloric acid solutions from constant boiling hydro- 


ehloric: atid “solitinns: <i0.6.60<as2 sth bind bea cee eel eae 130 120 4 
TUES ccd aN Teiv ens b Peewee hs Seas a boeer ie eee ee 3 1 ; 
Lactose DRO 0. i554 woh bho aah eo shoes oi baa OR RS OSE 266 305 
xidizie art peIRe iss bo 6s ke ol gae wee G aah ee 126 116 i 

L RAnte CORREO Reh ek ee aa a eee 396 418 
Primary and ‘secondary, definitions... 5.4. sc«ss0d04 30000 008 126 116 
i Sogita hykoxide SOMMGNS. < is aca8a bis ca os (ak ou enbsakenee 133 123 
Sulfuric AGG solitigin ns); ss <caa<sc0cke wanes one sues Geer 132 122 
Standardization of other acids by comparison with hydro- 
GTHORIC ACI cas oC pees besa kin SRaSRONR ERA SALPASSNAN NS AS 131 122 F 
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Standards—Continued. 
NN ty esac 44s aaln'e be cis awe giad wogeyine 388 412 
Primary and secondary, in preparing solutions ............. 126 116 
Staphylococcal group (table XXVII) .................. 320-322, 385 336, 409 
Staphylococcus— 
Sr ae A eee Ecce ca. cw aie ae ds eceiwia nieuwe 320 336 
NE ee a oe ie de ceaveegs 321, 385 336, 409 
Nea oie th a tials cue si cc bse wtens cd05 ae 286 313 
Starch: 
[ACO TOL TESTES Gla 1 17 ge a eR 268 307 
USTRLSSES OTS SSS Ga ee 140 129 
PP ENTITIES Gt Ee IE Dre eal a a ee 503 551 
IIE eH i sia ie ai wires woe o-Sha gees s Woo se een ss 505 554 
ia o's cep Re WN a lean pon sie ae Oa oe Coe ees 383 404 
Sterilization— 26-31 12 
ESSE Sey i SR RE Sale Gras ee eee ieee rare 29 13 
IE ARR nr eS SS yc Sidhu he Viale vigidih Wiaie slsie'e 40 26 12 
MENGE Mia ee sn ecto v es oe cl» love Soa a Siete w wblecerese ohare 30 13 
eA fie ecto SOE ree ste wars 6 aaawie's 261 290 
tee eee ing cipn hireies dag sos 6.0 db oaks ee cee s 27528 12,13 
aa BR MEE CERIO ies te hs igre es Sic eue ina BR tore 0s 28 13 
“DEED YER RULE I RO Re a 444 474 
SSRI ESSE EES a cy 484 534 
mena ce AL Nt, oy Lees hie noc aide oe Ne peinie.e we 67 24 
oe ee i) Lk Oe ae Sa ae a a eA 410, 480 432, 525 
Stomach. (See Gastric.) 
EINER INE LLG 20. Sret che) lc Siu0 cs Snip as Sinisa dlasw edb ecerwratas wae es 482 531 
Mee IMAL INI SSIERENOEIS Shc ote ooo 5. «Shee i satondss ened die tesaté ak eae wes 436, 437 465, 466 
Stopcocks : 
NN ra al Pd iin ata, civg oN aloe no cea eins noe ap eeles 55 26 
LE Tay Ay SON ok a eee eee 56 27 
MPMI UIE IOOGCHING i, «cic c one's 50 o0.6 oe ace toe ca vce vbw weaie ope 55 26 
Storage of— 
I NR ae voy. 4 sb acc wie.Swie maw ale bene sed leon 261 290 
Mera GONEHIONG, © 06 ooo. csaieis «cco ies e050 decaes cods.cre 133 123 
MAMAN INERIOONE UE WEN ow sack 5, kcal 6S Sehe Mn sch cree oh e's < ba eles 273 309 
PN RME RIE AIR EIN oie oc sie «4; < vison sone co, oe Ore 0 ete aieitie's tee 249 282 
Streaked-poured-plate method ..............cccceeeees keer east 252 283 
Streptococcus— 
LOE RE OO re a ee eR ee aE: Cae FR ae, Sve ane et 324 341 
I Moe ae oe ong, os dive ce Sa Salk Rad we vex eee, Cece 324 341 
I MNRIEMERPR ORE oS a wie a sa wee ae Cas ec ce osnalaee 285 313 
Pen PUPS 6S 5 ads ssc o conceleis cc dcs Cha ee eeeneeee 297 . 326 
Mueeate-Wmroleats feSE 7. oo i eo ng cele ow coc et wtjeswaeeete 284 312 
MRT AE A kg oy a nin <'esd au ae en TRS sd ous alae bee 324 341 
IR ne ot giao on eg pc ee gee ie oe Ge 322 339 
PE ne ree ee tiny Lee ng eins Mme ae 323 ms 340 
NON eh SB sary che Sas « Gade CL 4 ocd ax cow aR eeMe eT 323 340 
NINE Rita oa Teta cpixia Gite aca a de gle Sin x des God cg wt Wee he 324 341 
CRIME PIOINEIS f GETNOMYCES } oo sic occ ddiwclececvedecececccenacn 370 390 
I Noe ac eddy va Voc dhe we cea ek Cnc aes 355 B YS) 
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Sucrose: (table OK KN) <. ss sks vee Fim wae es ethos een wees 268 307 
Sudan ted ts) (etraut- fer fat) Sese st s5 ae io oss boo me eee 507 557 
Siar ti eee: 605 23556445 0 3a ee ee ao eee eas oc ae Se wee eee 162 149 
Sulfanilamide, determination (table XIII) .................... 153 141 
liane aed: ia. pve ed ies ge eva a as 6% sts see eee ce 199 ~ 209 
Sulfonamides in— 
Blood e352 he oh oa os Ue eee EEG E SS 209, 210 258, 261 
LO ig tel peer hy a ween 5 aR Ss ae eee Se et toe ne SS 172 160 
Sulfonated higher alcohols (see also Wetting agents) .......... 21 10 
Suliosalicyhe: Gents Sasa hans wees Seo eee ese eee Be 190 183 
PORE Ces ec Bae eG eae nae » SAAR ye OSE CRU GERE ES baa ee 161 148 
Sulphurt Scid, Seanaatll 55 oh 652345 Se yoke tebe Ss SSSA EASE SEES 132 122 
Sumatrancty phusesssie tase heat git seen oh Seb Saks Mae eee ees 399 SEAN 
Siipehircial@ my COsesi es st. See ELE Seb See EE ees Eee 380 397 
Supplies : 
PAPAIN soos i s8S os eben se Oe Pa eee ae eee 5 2 
ACO 5 nto trie he see AOE NG es De Ra 3-5 1 
RSE cats be ns See ee Se ere ae eee eS eek Ri ag 459 507 
Syphilis : 
Ormainisirs, “Stale $5904.55 6885 ASE SSCS CES Fee be eae 519 564 
CLOMID SIS yee SC GEASS ON Ses oo a ees 6S VG is See 427-435 440 
STN Tee Clin leaned Ral a a ear ae See eee Oe Oe ee eR eee ne a 376 393 
Bye neG.” CANO St hs $4.2 555055 $235 5S ea Cea ee eee 52 25 
Myntene AN COSEs 58 Sen 55.5458 2528623 i eh See 380 397 
TRIER CCS eee os ss i358 i L3 bgAR Gh ne Leben Tbes Like Cet arenes 482 531 j 
wapariillo (Mexican: typhus) © icici 50055 bs cops 008s te eee 401 425 : 
Taenia— 
Nap INANE Ss PS sas is een ke See te .. 454 499 
ros 1) Merete aan Sire cape eee ge a We ha Sire ee 5 456 505 
Pallavist-method- and Stalesa:4 sie ka os a CR ee ees 61 30 
PAPE WOCUE “oo 5 UNE S AGES VOU ER SSL D AMEE RSSS OSE SS Bo 452 496 
TApewormns pragiotids’ < o5.0.454 vs aoa Oh ste Nea tase eee ee 460 509 
Tartrate— 
Pace Ws @lojc cr Rega eee eee er or a eae ee See eee Pe ee Tek 265 302 
NiliZation est ene RASPES GRA Sanka awh ans h Ria S ee ee eae 279 311 
Technic. (See Methods.) 
selltirite nied. exten 6 hss SESS RAGES RS ANOS be See RES 261, 263 290, 296 
Temperature effects on solution volumes ...............000000- 128 119 
is peste) Merrett eRe eek eT RI Ea Ge ae eae ice ek oe es 2] 10 
Hertian- malania™~(malenant and henigh): ..c2csc. cones eee 446 482 
Tests: 
Acétyl ‘methyl: carbinol?.. cas n ss aan oe Oa see esa SRN 270 308 
Petegedteheve’ Wule): Meads ee GAS aes: Paes tat os Cate Se tae a 289 317 
Aldehyde "25s 52645550455585445 5454540 RBs bees oe eke aa 444 474 
AgeES wid ARAN 65 ak in 34 kn ee oe Wakick 284 312 
BRE CUE ee ain tac ecco ole ee ee 270 308 
Bile solubility (for pneumococci): <4... 60. ean eels 283 312 
Carboliydraté- fermentation <6: .coe:sidad weer ce teewes 268 307 
Ganon 5. Fi04 ie Raw ew visin Sw pesos dw en warc eda SSC SEE ER 456 505 
Gholéra: red sas iis tks es RR ae a ee 275 310 
Citrate ataZaion sine aiiee Soe ve er oe tae ea 267 306 
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Tests—Continued. 
Coagulase (for staphylococci) .........c...cceeeececececes 286 313 
NI OOM os ace. cobs een Sc ca wow ee oan 392-394 415 
Coneidat wale on spimal fluid... ... 2... 2.6. eee cece ecs 433 456 
IIITINMEMEN ogee so Soc cnc es vc ecu ccd ee ccceekes 414 434 
Re OOK gine vate acc dss vav Suh eots 392 415 
penta SOO oe os oo ed vickcia sc bac oko sae vedielee 283 312 
SII RES Rie Re es eee oes cc bene cheeks 285 313 
SESS | CERSSRS ap ei aeat s areraae  ee 80 67 
IN en ee dak ee cate 197 200 
IRM NMI. NS fe oo Ss lee es Snes se aSdabaan 284. 312 
ek PEGE SOS SOP eapae Cara re a 421 438 
LSS SAS TTC e A SSS ae gS eer oh ga 176 165 
EINEM pratt. ook aa bE ieee eg bans Fees cd ca een 276 310 
MIN ti aa eo, Seb 2s heck cabo dca cee PiS AS AA etme bas 274, 394 309, 419 
PE OE eee Cc iaty ty.) Obed Ue oa aek bod toda eae 427 440 
EE a Oe er oar ao re er 272 309 
Kolmer’s complement-fixation ...... 02.0... 05.000 ccccesaes 428 440 
NINE Eerie oer aw elie Obie Vin Fs ae ak BK BES U4 eke 273 309 - 
Maeroscopic agglutination, slide... ...............cceceeees 292 321 
nN Wei  POCISCTION, . 4 cc ose sda.es us its esdssaesecus 281 311 
RUE ig recs eos aus Pea os isd Liana ds vatelece. 269 308 
Denmeconer aeciitination.. 622.2. 3.0. < 26a csc db on si ceda cs: 293 322 
1 Se Sa aa OE A EN a ea 414 434 
MS OMENOR  ga ck oe 6d 6 2a kk Cw k Rad RO aS 280 311 
MIMI Reg, in gc k ever a belts oes tae Osa 275 310 
RSG CEOP IV CL EROPUEY 6s 8 eee oils oo eee a Fee havea bas 282 311 
SnORNP PNMIVTCMS hc seg Saks s bey veh h eh Salee cco eee 160 148 
NI IE ed fe oe oe an) er adele x bee 431 454 
Red cell— 
Pest eti-INIDStIOn 655 cas ook ss oe ee hw eos Ove 421 438 
EN TERRE vais So rok edo cm padidiebn aes 80 67 
et Nera te ahs it. Secs bs Seale ce ee cies 439 469 
eG NAG is oy EN Sek Fed ce Sue ce wc eeeeg 271 308 
eR IO ass a desis wos cig ass oe sae Oe hase cued. 162 149 
MME i ies sees ok eos ova EEE REE oR Tc eee re 396 419 
PGR Ca IT le SN Ke OR ie Hedi Re UB e ede Bad ee eee ESS 414 434 
Sutin CUP CEN TAtIOI fo i BR oe ae So be boa es 394 419 
SS tbEGatitesy New ACTO (OSU innate iais fe ooo ate we Domenic dilealetsu atcts 161 148 
ME ECM REMMPEAIOR, 9 sis 0°07 oe o's oe ahele fa Ole Se Tee ee see 279 311 
PN EDS Suc a ie FON Aa Cee se Rev tec eaLS 270 308 
SS eee a, Sa evalua ce to eens adecow 388-395 412 
IEE | ORY iio ies ais 50's So a Gin wii ale Wha eS 359 381 
nN Ee 8 Gees a's ay dia’ 9 wis Sad Re ales WaT 357 376 
SORES ES aes ene te ree rN rr reer ee 378 396 
NB RT NRE HSaRg na ELEN we Gs Fah clg', faizh cle vhaeek gl ale toveiecal sfvlisia total Whos te"ws 384 408 
rmciecobate MECIGN si. 0 coc ie cee Fa aero dees 261, 263,387 290, 296, 410 
Tihaosullate Standardization —-s0. 666 os ciee vee ee cere ase cease 123 . 114 
Threadworm (see also Roundworm)...........ceceeeee cence 452 ; 496 
Throat and tonsils, collection of materials from................ 216 269 
TiecmsbOpiastin 6 é6 6 hdc es cdeeeweess : Peet re Cee Tee ees ae 79 65 
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Zaithy. 10] Ranta Ries ah ype ee gc oO eae REA 210 261 
Paying: Diiie: Sey sisids a'isin bo} ed ine Wid DI ehs oF Tea a ee 120 110 
Ticks: 

Coneetion 2.0 iss) Ser tid ao eee ee eee eR trae poe eee 488 539 

(SENECHAL =: ate eae aes ROARS oe De es ahs SaaS Eee 474 518 

Preparation Lor Smid ysis tec aneis 13 P22 4 sce e pete eee 489 539 
Titlett and Garner ests 9s Pe Gie i cties oc hore Fc eee ea ees 285 313 
CECT ERG Seat Pie eisai. die Sa mene re eit cM ahd S Nae 481 530 
Tissues : 

Devalciication: /4visesedaaecs bs 6s S28 ek te eee 521 565 

Fixatives (tables Gio ss 620 ee ali eee ee 498, 500 546, 547 
Tissue section, -rabies* test re bes eos he ere os eee EE 417 435 
Titrations : 

MRS OR Aa aoe hg hee ite. oc baie SeRAS Real 298 327 

PRA Cpe es cise sd oa Oh bb Coe cee ARE RR 428 440 

EGE ORNATE Go 5c 205 beste vit nis. 25 ee aes ok 8 ee Bee eee 428 440 

BAU CANON GS geet ass oh oes ow ae ean ae Ee aa lei eee 120 110 

EMOASL ESE Seamed 20 ane GBR nies SRG Te BOGE Shae Sea 126 116 
AERA ANU RIN 7 oe Pic eyes ee ces cae ae ok oe wean oe 100 81 
Olerance, CAlponyarate. LepOIt so.) 200, sSoe ss coe s be toes tee 9 3 
IDIBCREICR 1OSl, PUNOOEE are o'r iis aSilsdiss wo ops SO Dae baioa ah se eae 197 200 
PRaluidinap ile kame ies hatin oe ra ee UL Aap ee aaa 239 278 
Wousite, couecuon 61 materials front fs. 4220.4. Das ee eee 216 269 
Topfer’s— 

Indicator. ee ‘also. Methyliyellow) .:2.0.. wien detest ees eee 120 110 

Reagent ..... mS clacs Sah yh Sieh OM saakeizteanatelen Ttenssieate ae ale emeaale amet 178 166 
a MAD ia oe pea x) PER Oy shar PAs a MONE RAN deed ode ae a ae 306, 382 330, 402 
EGUEICOMOCICAL: SPECIES. OK 20 Js do 6b vad nos ob PE mew Sea aaE 502 549 
PEE ACINOMI A aye ues ae Mey des lo ae oC Ol algt s G SI a OMe ne 410 432 
WCOOS MMUISGHNG Sse 5S Fe aids oh baw Cae Se Fak bee DR ee 487 546 
A rehaloses sss cient cis tic kalo gi Roi ee ahorees SR ie eRe BEA ee 322 339 
plgneinatGdesecaicee paste tra ssi iareis Sreke Sea bins eae ole Steg Ne ESS 452 496 
MenenChs Mevete ae ewtrasercis eters ssate ater oe Peas co ee Neck Obes eh abeaeee Oe 401 425 
Aerenchamouthy qevancent S Ane ina,) ~ ...h ccs. tls exec w bare oes sas 373 392 
Treponema pallidum (Syphilis Spirochete) ................2.0- 376 393 
SAL OIBE INOGUIE Bsa S251. sub bu sa ok As CURE ba ek Le ewe ee 484 534 
ieechinciia spirans: Cable 1s) ..o.ssssidvs siaces +> odes dese oes 456 505 
MRI ChHIOTACETIG AQUI ces kee Sate Sk noes eee Reine vcepee ee : 202 218 
Dehn cephalus AVCIMUS. 6 ines diac vas on Sh boa ah ens Sone aaa S 454 461 
LEG OWRS WAMNGS. oa sess soos FS het ako So ns sede eee ee 435 461 
TF ChOBR GME PRT eat = oils done oy cs 3s 2S pee eee 380, 382, 383 397, 402, 404 
Ppl hs ARE gis cisa ss Sa Si 9.5692 > ob Mele epee ee sabes eaeas 454 499 
Teiple WM medi.) sc.» s'oj0 0's 650 vo oo os we beeen oo le kab es 444 474 
DEsodium -PHOSPUALe sn bss be ss 6's ose Salk La Nps epee ee en ib eee ne 21 10 
RADI PECs Mle GL ba dG ek SEK A Se RRR RE aoe 401, 473 425, 517 
ETOP MOL OMtER 15 re sada ti sie ths wy a os emis hep ones nee 436, 447 465, 484 
Peopicdd typhus Pau es pws pie hE as Abra hsnn Sop eps sina reese 473 517 
Trypanosoma Cable XLVI)... 3.05 5-2 9s is shales yes ae sate 445 478 
Trypanosomes of medical importance (table XLVI) en eras ee 445 478 
Tryptone dextrose extract milk agar ...0.6. 3 usa seesew scene rons 266 305 
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Tryptose— 
PM ed Fe DR Rear gar oh 556 7a Sea amare soe Bitte eee eee eens 263 296 
LEMIGSTPETG (0 1 ee ie On aS a 263 296 
racine wipe ning OA a's 6G 0's soled a ui dieeie “ae v's 445, 482 478, 531 
ES I PORE A 341, 399,473 363, 424, 517 
Tube: 
(2S a5 ES Se 10 4 
Hea BU ie et aan Ta Wes Face fascv on fea ae wie akon ve pvo"cs a Dies Ceccvene 10 4 
nr oe a st 1 ch Cece 'g eu oiaias ero. n/G/d-3 4 oa ip Miele Behav la 14 7 
2 ES ee ee ene ee os ree 368 388 
WU AR eereESL NSIS CLES ATRIST RE SoM rote icte cog kook) ee No bo acae wh ik 368 388 
I PN Sar Specs iia Sicha ote Tahe ele ale ce 'kiwia GApe-e tues wie 15 7 
OEP COS ee DS | Ra Sipe ace See nee ee 346, 474 370, 518 
EI SE CNS I Rol eR AON on, Pe Se a 483 532 
INN cari ghar nos Gh ens kL Di eis cdevlalans Aton «tained ge ee N a 485 535 
EIST (ROR IHS of ed Se MR Sree AE 399 424 
MWR EME RT AcE CMT eNO Go rare ax iS See as estore ma rete Store is toe ewe es 261 290 
SI ROMS 58 A ooh reer eg raw alin 'e < Bie Dare CORT Se baioa Fem 335 355 
Typhoid-paratyphoid bacilli (table XXV) .................000. 289 317 
Typhus fever: 
A Ee Ri hele a NI pa Hs Walaa Wevtg ei N'G'a's a oe 401, 404,405 425, 428, 430 
EOI ENE SO TUICENE Pol. seks es vhs cy bees eae 400, 401, 405, 485 425, 430, 535 
PMN gi Pia mn “Ec CERN ere pg See ee ge 341, 401,403 363, 425, 427 
Mirus TN MEME wage 5 5% V3 a Ga 6s Sk Cag PERRO es wees 293 322 
IIE SENN SENGUNE ro ee cto reg wk Go en's Bok oa a's wh Va Mia ala aE OS 8 413 433 
MRE UMNERER Ss. fell oi rae kn gi cig dé coh elisa Wiis Caw ate eT L aN 223 270 
NIE RIE TS2 N Nao ee gray osu 5p win OR taigiahelern inlg w wis wh Barak bole a's 300 328 
Universal : 
ES Pic yh Do 6s 8 ere agg 0'f PY die oo Flee Oe 84, 85 70, 71 
EINER tds ee eS oe bu age Peed dias 90 75 
RRs 5 Soke. pedis gala gi ei cian rs dawg’ Soa we eka 84, 85 70, 71 
TEEN Dc] 5 SR a ne SR aes rat ee 153 141 
Urea— 
TLTET) SST TTE GTi 12 Ra {CC 18 Sa a Oe cece Pare a 168 153 
RCT OER er ee larrigtirealeclde aware utah ed 193 189 
PY MOE es hk, Soe cls Cae ee oe aA 153, 169 141, 158 
Orie DigeOmr Masti soko a ois cl vee b oo tes eek caddies 191-192 185. 
SUT a i eae ae mea ce ae 168 153 
Uric acid: 
1B GES TINTING) oe ee eee ea en gic Sg 153, 194 141, 194 
MMR Sh a Vor cs Uy sivig eh death peek ae aa 194 194 
Urinalysis: 
NS raise oc as ee Wer ws Poa ee er sac att Bdge Vers 9 3 
RIE TE ROEDOGE 5 oe 5 ee eee a ee be ie Faye Pele oe 9 3 
ee VED ho ad 90 Foie Swi aloy eo. wie d CR Ee eae MRE RA San ee 157 145 
Urine: 
Meee ie ene uo fae cy ao oes ed oe ho nie i tees 154, 224 144, 271 
VDSSTE ST FICS” UC ig ge as ec en regener Ie e 457, 463 507, 510 
RRR NOES oS CO ial np ea Salyer oe dP peie twee eeies 155 144 
Rees ha ee te ree Cae es ed eieee ren Re baeeeees 154 144 
I lt cde rAd era ce de co cede Pewee bones da 0 156-159 145 
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Urine, chemical: tests”. 655 334.0% oe eee eee ae eee 160, 172 148,160 
NCOLONE: ues obese eee en Dee EE Ree Le soe 163 149 
AMGuiebiss Si oS Fok co REG ue ea ea ona 161, 166 148, 151 
enetirt elec cea aes Flee aha s Suc a ee ee 162, 167 149, 152 
12) CLAN ORO e a se Ued Visuals iacker i= Bice SiC MEMaRR PEM Se EAU >. 164 150 
Bihrubin -CWatsons-nethod)=) 3 cuts: 2. sons phe Saacie 164 ’ 150 
Chigrides tse soe nie oaks Shae se ee Lee eee 170 159 
Phley SWE PNOG sos por oe ee ea fn ee Eee eae 172 160 
OY 5 SSM AOR See go 8 SPac Sz vac Bid ator eas amen eR IR Ss ye Be 155, 171 144, 160 
Proteins seer ees ar a roe ak Pee ee 161, 166 148, 151 
Salicylic aldehyde (Behre Ts UPN a ene cabin Chr arse ciate fy 7 163 149 
SORCING RENEE wae aa ep Be Pere eb oa Sb IEEE nee 155 144 
Siar poem we sole solos aul o sk Gooalant Pee Te PE a eae 162, 167 149, 152 
Sulfonamides (Bratton and Marshall method).............. 172 160 
LTear anid AMAMODIA sos Ase sass dcals De EeG eee Seat eee 168 153 
Drea (Gemekow and Masen) ios 035 sos sti vee eb were? 169 158 
Wrea snitrepen= cg tae sar pee oS pas Pea e eee 169 158 
Urease method (Van Slyke and Cullen) .................. 168 153 
itaimhnoee = 235 6 Fb Seige As eee ea tee eee 165 151 

AD EODIMNO SEH ee oe cc te eae re eo ees ei 165 151 

WSerGr mictoscaperias verte sos eee aoe Pas a tee ee eee 11 5 

Reis iS ed ei, IE So pay ap Vales aed Sale ees 1 Rene 13 6 

Vaccines antogenous: 

Bacterial wontent. determination 2.252.055 2555503) < spe eee 317 334 
eet sent terin= . ocr.5 552 sb eeoe cei Soave cee eee 319 335 
Nepneiemetiic  tiethods <7.5s5 acs is 2 sos aoe es Meee 317 334 
UPHAM vss Fs sso 395 See chk Be de Oe 318 334 
Preparation of suspensions..... Pere te a eRe een ee ee a 316 333 
Selection we manaiite so ec cocks ss cc wees Oe 315 333 
PEN s: awh Ah as <a aie kee eee Canis < Ge ek Se een 399 424 
ROOT ELL HESRE Te Le | SERS Br glee ae Oita ee te ieee RIE 317 334 

Dibra SS Oy vias Sr eee Ce ok ces eC eee ee 410 432 

Ay AiR eae oe ive. Sons Vay es Sa eae oe ek oe ae 57 27 

NaniedemsberotistdidzO steachlonme sacs sis ose ok a eee ee ke 153 141 

Pikes S IRIE See et ys Rb os aie LR Rea 417 435 

Van Slyke carbon dioxide determination....................05- 205 225 

Rrastliik Mite MAMI, Foe Carex Sew Ca Aelayas id oe ald sd oe ee 259 286 

PrerMMITCTUTE Neale va wiciet. bs hess Ck OS sid May wee See Be se 50, 51 21, 24 

WEMBDRUOR: GE dob, TOBOTIS  s 5 oe yas <aGaen eae debs Ase ceaieke ‘f 2 

Ry tags DET aiia SN 5 63, Soe Ro ds os ws SR ee 481 530 

CETTST IGE: Tes) Sa aie ie arate Ne aah GRRE Bi Rais ah nepal 454 499 

DAES Mai: oo. 5 ha ee LNaad ss didn sence hippie sales Me nee ae ae 13 6 

Vibrio comma .........;. nice Seas ah eae eases dae i PIC 342 364 

Vibrion septique (see also Clostridium septicum).............4+ 358 380 

Vincent’s— 

Pea anny sO A no 5s eSNG Dee Ten Ee 373 392 
OTOAISHIS Oe ee eece iis a BO OR a os eee es ee 305, 373,374 330, 392, 395 

Virus: ( 

B. disease™..... ee EERE RE SEE NTT SO ee 410 432 
Gharacteristics= As he choo taa ceeds aa onus eure me 409 431 
Gollectiontio: cuitedca wen b's 0N555 hence ces meplba os sch noha Se 432 


re Pe ne AY, # Oe 
Paragraph Page 
Virus—Continued. 
MERTON DRG dry Se et le oa uh stag a dee ee 8 410, 417-425 432, 435 
ESSE RES AEG ta SS ca a 408-426 431 
(So SS WA Se PE ip Oe Ar gata gn eae 413, 426 433, 439 
PUbeteMasieye EM OMIOSIG ce Sa 2c s csc Cs wae tie vias oa-e'y bomen 411 432 
I RMNNNE Flee re ity is ts tA elas eee ake ea 414 434 
a re eo oy sc ase aude ahem ate 186 Ws 
SS ire ea ale ge ee 270, 394 308, 419 
Pree RE SPE ME ENS Sis os enc wks snips evince as swsscecee 70 53 
Volumetric: 
NMI Ea orang Sars cos Said agree wa ary cel orn Seite 8 100, 109-112 81, 87 
RereeeaesE INTC eASI GES FOC NITIIGS cle, pos ccalarwe end owe areal ae Sie Cla wlelete 124 115 
LS ESS 2 SIR Se Se cota ae rete Oe 109-112 87 
NN NEN ade ake Was Vig intern eine oe Riera eens 208 255 
CULES STEY G2. CSS Fo a Sg gl egy he ie Ore aR OP ae 110 88 
Von Kossa’s silver nitrate method for staining calcium phospate.. 514 562 
IN ear rata L's Ug wsdl a bee Sainte Sk eee dw STE 483 532 
AEE aT TEE, ASSES 2 TR) ie aie ie mg a Mer Rc RR Farha aN 477 522 
Water: 
12 7S SIS 2x aa TST eos op ea ear ge SR en eto 391-395 413 
Racterioloeical examination: << 6.) nc. vccccsce dace ce veee's 388-395 412 
Collection of samples... <6. 620i. ei deine dee Bethe tees 389 412 
ERIN CEES erie eine ie o Rasi BEL eae TON Rs 388 412 
Cems Tearee 46StS 2. A. Dos oe Ric aoa thing Sera 390-395 413 
SIRI OO NOSES. ec os On oc Cee eRe Pas whd en 395 419 
PRC r LEDGES ne ies oa RAS Sooo Re ek ges Wak geeks Gee 393 418 
Wave lengths for photometric determinations (table XIII)..... 248 281 
NR es On hiaad sa CaN Gare egies 477 522 
Weigert’s iron chloride haematoxylin. .............0...0..06: 503, 511 551, 559 
MEER E SIERO SEAN ooo cia cc she awed wes beeekps beaeds 518 563 
UTA CSUELLE 97S 1 Gee Tea a 399 424 
Weil’s disease (infectious jaundice), organism................. 377 396 
Weil-Felix— 
ad ar 5) es, o Gas wound ce Dawe on aha 287 313 
Heat Gables 24% VIIE-and XXV).......600.0% 291, 402-403, 508 320, 427, 557 
POU REU MU SILOMEU SRE os a weir ig Gia peg oc alae ved Re oe haxey ed 359 381 
Western equine encephalomyelitis. ............ 00 ee cee eee 410, 480 432, 525 
WMeStabiacOpiiar vile Calls Swale 3 areca ieee. widiccd vin yo viacee tea 215 269 
EE SROMOE sre eo 9 oa Nae Cae ce vetcutiod Hate dees whee 425 439 
Wetting agents ............ Pig ey ae CR 21 10 
MWe TISSHETSMEGINENS: SHIPPING. .c.c2.c6.. sowie oS. dd cw vate Hew gions 499 547 
NEM ree oN pl SiatiCs ac gers ow es Idee ae Velge aa MES 476 522 
Mpword Ctaple LI) 2.) ne ee PRL ae NORV cue eee ar ees 499 
White cell— . 
Mmpmermricries (taple EL) eo.) cokes odes ee were eee he 67, 79 44, 65 
Count: 
[oS a oS Gat eee ar se area 66 43 
er ee ia ane Pe hkite ck Lathe 0 ioe nen 63 37 
er teete ipeci CARN GW ae bce ss vas si artic re pee sin's Ged dceoeeates 290 320 
RRP GG ie etait Fee VORICINGIHY 5 65 pis. dc i sve Ab Geno nk weda ee ake NG 510 559 
i REM RMNRNG CHIREDEED os oi ac ae aise kg BA Vee ec aie Ws ech Hee 70 53 
igh!) uit) "9 7 Sn ae Ao ae a ave RS eek ede eae ire 483 532 
617 


Wood; agidproofatng £. 55:0: si<.¢ vine a s’niviayewnae boohee # vee obs ot mcorias 53 
Worms; parasites. ak54 +15 seen nino Rava Rsa iene ae eed aa 452 
Wounds; < material: tot. 2.5.5. vd she Shee cone bin bon eae ane ene 226 
Wright’s method: 

Bacterial content in autogenous vaccine..........-..++++0+- 317 

S talti see ee tse Gee ao UE es hase e eee eee 65 

Tube. ‘method: Gi sowe ees toe Ete ooo eb ae ee owe ae en ee 259 
Wuchercvis Waker Ofte cians os > hss Seve Wolo bs 2 a'sip gui e wera 455, 480 
Wucheteria. ingle 3 a0 65k so 008 3 das eee Meals to Sa ee epg 455 
Kenopsyllacchegpis™s |: hi tos ae ns fois ea Ro eee eee 401, 485 
Xylene RE ry ee ea aod Oe ee aeRO Wr hee es ees tert ae ee) 505 
Kylose> Gable sR. os 5 kai vidsdcesos Fs pceaepaawee hess aus 268 
Yellow fever ..... pie eeys Revere Cee eee Vere TTS CoD ey 410, 424, 480 
Tener’ s Hxcctee (table lL. sis 55 sb en soca ewigas tigre 417, 465 
Ziehl-Neelsen thethod (see also Acid fast stain).............64+ 237 
Pinkie Catiol fens als p50 5 cs ve sss ve eae ood 2 Os See ee eRe eee 503 
Zinsser, Plots and Ender’s method..........2.--0+2- sees eeeeeee 406 
ZYQOSPOPES iii ghgeieccuvwcssbesVsdees ts nelnreesravaenavenay oie 384 


25 


504, 525 
504 

425, 535 
544 

307 

432, 439, 525 
435, 510 
277 

551 

430 

408 


xX U- S. GOVERNMENT PRINTING OFFICE: 1947688862 


618 


WAR DEPARTMENT TECHNICAL MANUAL 


METHODS FOR | 
LABORATORY | 
TECHNICIANS 


r~ 
«_* 


oOo 


, 


cl 
.. 
tI 
cro 


QY 25 U589m 1947 


DINU 


NLM 050844845 3 


NATIONAL LIBRARY OF MEDICINE 


